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(Table 1,  continued 

Sensor Param«.f0,o 

Radar 

Range 

PRF 

Az/El Beamwidth 
■Az Scan Limits 

El Scan Limits 

Scan Rates (Az & El) 

Pulse Width 
Video BW 

Dynamic Range 

Electro-Optical (EO) 

TV Bandwidth 

Dynamic Range 

EO Line Scan Rate 
Scan Angle 

EO Line Scan BW 

Number of Line Scan 
Detectors 

Operator Requirements 

Radar display 

Active Raster Lines 
Pixels per Inch 

Dynamic Range 

Gray Scale Quantization 
Average Effective 
Luminance, fL 

Phosphor Color 

Frame Rate 

1'0  -  200 n.mi. 

300   -   5000 hz 

0.5 to 10° 

±90° 

±60° 

50 to 250 deg/sec 

0. 1 to 2. 5 jisec 
0.5 to 10 Mhz 

20   -  40 db 

t   - 25 Mhz 

40  -   100 db 

500   -  2000 Hz 
±60° 

Up to 1 Mhz 

I to 10 

^100 per inch 

^0,  <100 

^lOrl,   <1000:1 

*2 bits (4 shades) 

Green 

30 Hz 

15 
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TABLE 2.    CONCLUSIONS FROM DESIGN TRADEOFF STUDIES 

Display all video and symbology in a horizontal television 
lormat. 

Utilize a data bus control architecture with separate memory 
integrator, and controller. y 

Use MOS random access solid state memory. 

Use microprocessor type controller,   programmable to provide 
mode and system modifications. provide 

Generate symbols in-raster using programmable chain type 
symbol generator. yH 

1. 3   Recommended Design 

fh f Mi   The 'esults of the system design and application analysis indicates 
that the modular multx-sensor display concept does provide a7lower cost 
of ownershxp system.    The recommended design is shown in Figure I      It 
consists of a digital scan converter and digital symbol generato^teth of 

Chatin^T6 U;der COntr01 0f identiCal "^opr^esso*  com rollers 
STrniS >?'  ^rtmeterB and 8rowth a™ achieved by reprog^mmimj 
he memory portion of the controllers without any hardware changir * 

Increased resolution is obtained by expanding the modular dispLyre'fresh 
memory.    In^t radar video in any format is digitized,   processed Ind Wfer 
stored in the integrator and stored in the digital memory.    Besides "he radYr 

TvTrTuA w/eo rn T ^ T ^ * ^ ^^ ^nd ff^e ^ 
LlnL    t        I-       . f be frOZen for more ^tailed viewing.    Readout of the 
Z7£ yi8 a5h

f
le7d in standard televi8ion raster format providing com- 

posite v deo interface and easy recording on video tape.    The modular dTs- 
fv^ rastl      f T11 "J^1^ di8Playin8 video in ahorizonta^eLvisfon 
type raster of from 525 to 1023 lines.    The display CRT module is selected 
^ttn^l   ^ rrolution reSui~d and the physical UmLiTn of the cockph 
preseiuuo; £SZiZZSZ^t ^V™* 8ymbo1 aerator permits the" 
rlster      In^t /n»7 ITS** f^" and 8ymbo1 repertoire mixVd in the TV raster.    Input control signals are accepted from either the standard Air 
thr^ah l8^   • t7°niC/ ^terface System (DAIS) bus MUX interfaces or 
fac^tn   ^    nterf^e, ^dules designed to convert existing system inter- 
faces to a digital parallel format.    DAIS is the Air Force advanced cTnceot 
n/ofOVrita,mi88l0n fleXible t0tal formation management system consUt- 
ng of modular subsystems.    A summary description of the "core" and 

"special" modules is provided in the following paragraphs 

17 



1.3. 1    Digital Signal Transfer Unit Core Modules 

1. 

2. 

3. 

Video Receivers and A/D - Buffers and translates input video 
and syncs to digital TTL logic levels. 

Integrator and Truncator Memory - Memory module used with 
input radar video processing functions. 

Integrator,  Peak Detector and Truncation Logic - Processes 
input radar video to optimize characteristics of digitally sarr 
video. 

digitally sampled 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

II. 

12. 

Controller - Programmable microprocessor type controller to 
generate all mode, built-in-test, and control signals to both the 
scan converter and symbol generator functions.    Two identical 
controller:, can perform this function.    The input control inter- 
face to the DAIS is also provided in this module. 

Controller Memory - Storage for all system control programs. 
Mode and system parameter modifications can be made by 
reprogramming this module. 

Display Refresh Memory - Modular memory for storage of digi- 
tized radar or EO video and symbology.    Basic module stores 
256 x  256 elements and contains all necessary input and output 
logic. 

Memory Input Address Generator - High speed logic module 
commanded by system controller to generate memory load 
address sequences as a function of format. 

Memory Output Address and Display Sync Generator - Generates 
read address to display refresh memory to provide television 
raster compatible video.    Also generates standard EIA composite 
syncs. 

Output Video Processing - Performs output video D/A conver- 
sion, sync and symbol mixing, filtering and gamma shaping to 
optimally match the display CRT transfer function. 

Clock Generator - Generates all necessary system clock rates 
and phases under command of the system controller. 

Symbol List Decoder - Transforms symbol control signals to 
command signals to the symbol chain generators. 

Symbol Chain Generator - Two identical X and Y modules gener- 
ate X and Y addresses to the symbol refresh portion of the Dis- 
play Refresh memory. 

18 
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^•3.4   Multi-Mode Display Unit Special Module 

CRT  - Potted CRT assembly with magnetic deflection yjkes.    Size 
depends on application. 

1. 4   System Applications 

The MMSDS design was applied to several avionics systems to dtter 
mine the number of "core" and "special" modules required in each system. 
The results of this analysis is tabluated in Tc ble 3.    Each system uses all 
eleven types of core modules and various number of memory modules 
depending on the resolution requirements.    The F-111 systems require two 
complete digital scan converter channels and therefore require approxi- 
matcly twice as many logic and memory modules as single channel systems. 
The '^special" modules are primarily interface modules to convert the input* 
date, formats to compatible digital data word formats. 

TABLE 3.    MODULAR APPLICABILITY SUMMARY TABLE 

Digital Signal Transfer Unit Multi Mode Display 

Aircraft 
Core 

Modules 
Memory 
Modules 

Special 
Modules 

DSTU 
Total 

Core 
Modules 

Special 
Modules 

(CRT 
Only) 

Total 
Modules 

F-4 (C,  D 
& E) 

F-106 

A-7 

F-111 (A, 
D,  FB-111 
& B-1) 

B-1 EAR 

F-15 

13 

13 

13 

26 

26 

13 

4 

2 

4 

9 

26 

2 

4 

3 

5 

8 

3 

2 

21 

18 

22 

43 

55 

17 

16 

8 

8 

16 

16 

8 

2 

1 

1 

2 

2 

1 

18 

9 

9 

18 

18 

9 

A study was made of the application of the MMSDS to the A-7 avionics 
sensor system with a DAIS type interface.    Four alternate display systems 
including an analog scan converter system,  discrete digital system and both 
an LSI and MSI modular system were compared.    The analog system include 
both an analog scan converter and symbol generator.    The discrete digital 
design was an optimal digital design to meet the requirements of the specific 
A-7 application.   The LSI system was the modular design partitioned on large 
2. 2 inch diameter bipolar IC wafer and hybrid circuitry modules.    The MSI 
design was the same design mechanized with MSI and SSI integrated circuits 
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mounted on printed circuit card modules.    A detailed cost ^f ownership 
analysis of the alternates was conducted whereby the cosf components were 
identified.    A reliability analysis was also conducted.    Both the LSI and MSI 
modular signal transfer units and display indicators are physically described. 
The results of this trade-off study are summarized in Table 4. 

TABLE 4.    SUMMARY TRADEOFF TABLE ALTERNATE 
A-7/DIAS DISPLAY SYSTEMS 

Number of Modules 

Weight,   lbs 
Volume.  cu ft 
Power, watts 

MTBF,  hrs 

MTTR.  hrs 

Maintenance 
Adjustments 

Relative Cost of 
Ownership 
(1 st System) 

Delta Ccst 
(2nd System) 

Delta Cost 
(3rd System) 

Analog 
System 

N. A. 

65 
1.25 

290 

190 

4 

41 

1.7 

1.7 

1.7 

Discrete 
Digital Modular Modular 
System MSI LSI 

29 34 28 

45 47 40 
0.7 0.7 0.7 

350 403 403 

765 670 1890 

1 0.5 0.5 

6 6 6 

1.0 

1.0 

1.0 

1.1 

0.8 

0. 7 

1.0 

0.7 

0.6 

1. 5   Conclusions and Recommendat'.ons 

The cost analysis of the modular system indicates a total program 
savings which increases with each successive system procurement using the 
modular design concept.    These program savings can be further  increased 
with improvements in maintenance and spares provisions that take advantage 
of the use of standard modules in different avionics systems.    A key feature 
that -ontributes to the c< st savings is LSI implementation of the "core" mod- 
ules.     The higher reliability and lower production cost of LSI leads to a sig- 
nificant program savings in multiple system buys where the LSI development 
cost can be amortized over several systems.    A second key feature of the 
modular system concept is the use of a programmable microprocessor to 
control the scan converter and symbol generator functions.     This enables 
adaptation of the modular display system to different avionics system by 
simply reprogramming the microprocessor controller. 

A two step development of the modular multi-sensor display system 
(MMSDS) is recommended.    The first step would be the design and fabrication 
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of an exploratory development model (EDM) utilizing discrete SSI and MSI 
digital logic elements but partitioned into LSI compatible functional modules. 
This EDM would serve as a vehicle to test and demonstrate the modular 
concept and to evaluate programming functions for the microprocessor 
controller.    Alternate memory sizes could be mechanized to demonstrate 
various resolution systems and the microprocessor could be reprogrammed 
to demonstrate and evaluate the flexibility of the design.    It would also pro- 
vide the basis for the second stage of development: the design and fabrication 
of LSI and hybrid modules.    This LSI development could be oriented towards 
fabrication of the "core" modules or towards fabrication of a production 
system for a specific aircraft application. 
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2. 0   FUNCTIONAL REQUIREMENTS 

2. 1   Introduction 

are summarized in Table 5      The re.ult« o^ ! requirements 

ment,. 8ymb<)1 ^^ ^^T^rU^^T^",0" ^^ 
ments are oret   ntcd      Th» ^»     i*      r inieriace*  ttna physical require- 
are also presented in tMs secHon    ^ 0pe'at0r requ^ementS analysis 
order to LiTc«W«|JlS^2SS:A!"- t"^8" WaS con^cted in 
range and tem^ora^^spon^ "f the hu^f^1 re?lution'  dy^mic 
to a large extent on r^n? w  2      , ^^ operator.    It was based 
displays ""^ HUghe8 laboratory study data on sampled video 

2,2   Sensor and Physical Requirements 
2-2-1   Airborne Radar Sensor Analysis 

processL^^pme"1 SÄ^;^'  ^ a880ciated «^"al/data 
in mlssions.\irPcra"t silr  and th.    ^r V,af>^idely because of differences 
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Functional Description of Radar ModeH 
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scans bi-directionally (left to right and right to left) at scan rates that varv 
depending on the specific radar implementation and selected range seile 

th^Tntnnr^imKuimUr^T16 ^ T™ ^^^ position^ wfthin me antenna gimbal hmits.    Typically the scan pattern is roll stahiH^H 
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The video bandwidth for FSGM is in the 5 megahertz eateoorv     Th. 
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Modes 

Ground Map and Air-to-Ground 

Sector PPI 

Expanded PPI 

Sidelooking Strip Mapping 

High Resolution Ground Map 
Patch 

Doppler Beam Sharpened PPI 

Air-Ground Ranging 

Air-to-Air 

B-Scan 

B-Scan (Range Rate) 

Acquisition 

Track 

Low Level Flight 

Terrain Avoidance 

Terrain Following 

Formats 

■SON T 

RANGE 

AZIMUTH H   H 

ESCAN 

ELEVATION 

RANGER»  - 
-IB 

Hange of ParanT-tern 

KanKe ".a to 200 n.mi. 

1JKF J00 -  5000 hz 

Az/Ll Heamwidth    0, 5 to 10° 

Ar Scan Limits 

Fl Si an L.inits 

Scan Kates 
(Az *<  El) 

I'ulse Width 

Video BVV 

Dynamic Range 

±90" 

±60° 

50 to 250 deg/sec 

0. 1 to 2. 5 ^sec 

0. 5 to  10 MHz 

-iO - 40 db 

.<ADAR 

Operator 
for I 

Active Raster i 

Pixels per inch 

Dynamic Rann' 

Gray SKale Qu.u 

Average effectn 
luminance, fL 

Phosphor Color 

Frame Rate: 

The luminance 

/ 

Modes 

Infrared Search and Track 
(IRST) 

EO Line Scan (Laser or 
IR) 

Forward Looking TV 
(TBEO, LLTV, TV Weapons) 

Forward Looking IR (FUR) 

Formats 

ftlW 

DISCOID 
(TV RASTERI 

f.LIR 
SCANNED 
MULT! 
DETECTOR 
ARRAY 

TELEVISION 

RASTER 

E 

Range of Parameters 

TV Bandwidth 5 - 25 MHz 

Dynamic Range 40 -  100 db 

FO Line Scan 500 - 2000 Hz 

Scan Angle ±60° 

BW Up to 1 MHz 

No.  of Detectors 1 to 10 

ELFCTRO-OPTICA 

Opera1 

Active Raster Lines: 

Pixels per inch: 

Dynamic Range: 

Gray Scale 
Quantization: 

Average Effective 
luminance, (L: 

Phosphor Color: 

Frame Rale: 







Several basic TA techniques have been devised, including (a) level slicing of 
FSGM video such that only terrain protruding above the selected clearance 
plane is displayed and video received from points below this plane are blanked, 
(b) mixing of safe clearance symbol and bore-sight range tracking pulses (at 
a pre-set depression angle) with FSGM video, and (c) off-boi esight processing 
within the radar beam to determine terrain elevation as a function of range 
intervals and azimuth- a shades-of-gray presentation of azimuth versus 
elevation with discrete range intervals coded in different shades of gray is 
typical of this approach.    The first two approaches have operating character- 
istics similar to the shorter range FSGM modes.    Display operation is similar 
xu       uF5GM With the excePtion of added blanking signals and/or symbol inputs 
The shades-of-gray TA technique requires storage and shades of gray encoding 
of range intervals as a function of azimuth and elevation.    The necessary 
processing is accomplished on every radar sweep.    The number of range 
intervals is limited to between five and ten.    Conventional intensity modulated 
radar vidoo is not provided. 

Terrain Following (TF) 

Terrain following radars (or modes) provide terrain elevation contour 
information in the forward direction to the aircrew and/or to the flight control 
system for steering guiaance and/or automatic flight control in the vertical 
plane in order to maintain a low flight profile along a planned or selected 
flight vector.    The radar operates in a low prf mode with the antenna nodding 
through a fixed angle in the vertical plane.    The radar tracks the ground at 
the antenna boresight providing an output signal representing range as a 
function of elevation.    The TF information is displayed as a range-to-ground 
versus elevation trace in orthogonal coordinates.    The range dimension may 
be linear (E-scan) or exponential (E^-scan).    The TF video signal is binary 
and thresholded (with variable thresholds).    In addition to the range-to-ground 
trace, a template representing the safe clearance plane in elevation versus 
range is displayed.    This template is used as a reference for manual vertical 
maneuvers. 

The TF information is supplied to data processing equipment which 
generates vertical steering guidance for display on the flight instruments (HUD, 
VbD).    They may also be used directly for automatic flight control.    In both 
cases the TF display is required for monitoring of system operation and rapid 
transition to manual control (when necessary). 

Doppler Beam Sharpening (DBS) 

Conventional FSGM systems are limited in azimuth resolution by the 
antenna beam width (l" to 4° typically).    Doppler signal processing techniques 
have been developed whereby the effective beamwidth can be reduced by an 
order of magnitude or more.    This type of processing requires intermediate 
storage and correlation of radar signalb over a finite period of time 
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.     Kil    8 f acquisition and closed loop range and angle tracking are integral 
capabilities of most fire control radars.     Logic and control capability are 
provided for manual positioning of the antenna (or small scan patterns) in 
azimuth and elevation and target designation with a range gate (1 to 5 useconds) 
followed by activation of tracking circuits.     When sufficient energy is detected 
within the gate,   closed-loop tracking begins and is maintained until the target 
return is lost or return-to-search is initiated deliberately.    The video pres- 
entation in the tracking mode is similar to air-to-ground ranging(AGR)with 
the exception that the display sweep tracks the target's position     The ranee 
gate and other auxiliary symbols may be mixed with the radar trackine 
presentation. 6 

Advanced radar systems have been developed which operate at medium 
and high prf's providing air-to-air moving target capability in search and track 
and very high clutter rejection capability in look-down as well as look-up 
modes.    Intermediate processing techniques are used providing thresholded 
hit/miss video.     These signals are provided to the display at slower rates than 
the    raw    range sweeps--. 

In high prf radars the basic coordinates are range rate versus azimuth 
lypically 500 doppler filters are used with an output rate of 1. 5 milliseconds 
per range rate sweep and 8 millisecond period.    The display format is range 
rate versus azimuth (B-scan).    Special coding techniques (e. g. , FM modulation) 
are used to provide data necessary for range determination.    Thresholded radar 
signals may be provided to data processing equipment for automatic correlation 
association and extrapolation in a track-while-scan mode (TWS)     Radar data 
processor outputs are displayed symbolically as observations and/or track 
files in PPI tactical display formats. 

Scan patterns and scan rates of doppler-processed air-to-air radars 
are similar to those of conventional radars; acquisition and tracking modes 
are also similar. 

The Effect of Radar Characteristics on MMSD Design 

The design of the MMSD must accommodate the full spectrum of 
airborne radars.    The first step in the requirements analysis process, there- 
lore, is to identify the radar systems of interest.    Table 6 lists the aircraft 
and radar equipment considered in this analysis.    A detailed tabulation of these 
radar parameters and a lirMng of the documents from which they are obtained, 
are provided in Volume III. 

The intent of this analysis is to identify those sensor characteristics 
and parameters that have a direct and significant impact on multi-sensor 
display system design.    Of particular interest are the radar performance 
parameters that effect the size or configuration of the digital scan converter 
memory, dxgital data rates, integrator characteristics and display resolution 
requirements.    Table 7 i. a list of significant radar parameters and an assess- 
ment of their probable impact on the design of the multi-sensor display system 
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TABLE 6.    RADAR EQUIPMENT LIST 

USAF Aircraft Radar Equipment 

F-106, F-106A 

A-7D 

F-4C 

F-4D 

F-4E 

F-111A 

F-111D 

FB-11I 

F-15 

B-l (AMB) 

B-l EAR 

F-SE 

MA-l, AN/ASQ-25 

AN/APQ.126 

AN/APQ-IOO 

AN/A PQ-109 

AN/APQ-120 

AN/APQ 113,   110 

AN/APQ 130,   128 

AN/APQ 114,  134 

AN/APG-63 

AN/APQ. 144,  146 

Electronically Agile Radar 
(EAR) 

APQ-153 
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TABLE 7.    RADAR PARAMETERS AFFECTING DISPLAY 
SYSTEM DESIGN 

Parameter 

Video Type; Analog 
or Digital 

Impact on Display System Design 

Defines requirement for video A/D. 

Range Scales 

Pulse Width (PW) 

PRE 

Antenna EL 
Beam Width (BW) 

Antenna AZ 
Beam Width (BW) 

Antenna AZ 
Scan Rate 

Antenna EL 
Scan Rate 

Antenna AZ 
Scan Angle 

- Radar range establishes memory 
requirements. 

- Memory Size depends on resolution, 
range, 

■ PRE together with antenna azimuth 
beamwidth (BW) and antenna scan 
rate affects video integration 
requirement«. 

• Antenna EL BW and number of 
elevation bars determine number 
of elevation angle samples per 
elevation scan angle (TF modes) 

Azimuth BW and azimuth scan angle 
determine number of azimuth resolu- 
tion samples. 

Azimuth Scan rate together with PRE 
and azimuth BW determine azimuth 
angle sampling rate. 

Also effects integrator design. 

Limited impact for TF scans. 

Azimuth scan angle together with 
antenna azimuth BW determine the 
number of azimuth resolution samples 
required. 

(Continued next page) 
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Table 7, concluded 

Parameter 

Antenna EL 
Scan Angle 

Impact on Display System Desi gn 

For TF,   scan presentations determines 
memory requirements. 

Video SNR 

Video Dynamic- 
Range 

Affects Integrator Design. 

Affects A/D converter requirements, 
memory size, quantization. 

Formats 

Number/Size 
Displays 

- Major impact on timing and control, 
memory addressing. 

- Affects cockpit installation. 

Symbol 
Requirements 

Determines symbol generator technique 
and design. 

Interface Defines receiver,   registers,  and 
buffer requirements. 

2.2.2   Airborne Electro-Optical Sensor Analysis 

Airborne electro-optical sensor systems vary widely in their capabi- 
lities, complexity, and technologies.    Included in the airborne electro-optical 
sensors are the IR line scanner (IRLS), the IR Search/Track Set (IRST), 
Forward Looking IR (FLIR), and television (Low Light Level TV (LLLTV), 
Guided Weapon TV, and TISEO (Target Identification Sensor EO)).    Electro- 
optical systems operate in the visual or IR regions of the electromagnetic 
spectrum and are passive systems. 

IR system development is characterized as a high technology area 
that is undergoing rapid technological advances--especially in the development 
of high bandwidth detection devices, fast FOV scanning, and modularization. 
Despite continuing technological advances, several generic types of EO 
systems have evolved and have become well established by virtue of high 
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The FLIR signals available at the output of the detector cells are 
processed in various ways to produce a displayed image.    One direct display 
technique ties each detector cell to a light generating cell (plasma, glow 
tubes,  electroluminescence,  light emitting diode) such that the li^ht output 
is modulated directly by the detector cell signal.    The light generating cells 
are arranged in an array similar to the detector cells and scanned horizontally 
in synchronism with the detector array to produce the apparent raster image. 
This image may be viewed directly through puitable optics.    Alternatively, 
it may be viewed by a television camera whose output is a conventional TV 
format which may be displayed on standard TV monitors (and recorded on 
TV video tape recorders).    An alternate direct display technique involves 
multiplexed sequential sampling of the vertical detector array (at a rate 
consistent with the desired resolution) to pioduce a serial video train in a 
vertical raster.    The display image frame is generated by modulation of a 
synchronous vertical raster on a CRT.    Typical multiplex frequencies are in 
the 10 to 30 megahertz region.    Appropriate synchronizing signals and video 
gates are provided to the display.    The multiplexed video may be written into 
a double-ended storage tube and read out in a standard TV raster for display 
on conventional TV monitors. 

Finally, a third scan conversion system exists in which the multi- 
plexed video is displayed directly on a small CRT in a vertical raster format 
which is viewed by a conventional TV camera.    Typical scan converted FLIR 
formats are standard 525 line and 875 line TV rasters which provide a con- 
ventional horizontal raster output.    In general,  some loss of image quality 
occurs whenever FLIR video is scan converted, particularly by analog tech- 
niques.    The dynamic range of FLIR detector signals is generally above 
40 dB with 60 to 70 dB typical.    Non-linear processing is sometimes used to 
match the transfer characteristics to Lhe available dynamic range of the 
display. 

The DISCOID FLIR concept is a recent development which generates 
IR imagery directly in a standard horizontal TV raster.    In the DISCOID 
approach a short horizontal detector array is scanned through a TV raster 
(left to right, top to bottom) by rotating optical e'ements.    The output signals 
of the detec or cells are integrated with appropriate time delays to produce 
a serial video train representing IR signal intensity at each raster point. 
Video integration is required to produce the necessary effective sensitivity. 
Developmental DISCOID scanners with frame rates of 15 per second and inter- 
lace patterns of 2:1  and 4:1  have been built.    Standard 525 line TV raster 
operation with 2:1 interlace and 30 frames per second is projected for the 
near future     DISCOID type FLIR sensors are under development for missile  * 
guidance seekers.    Since most FLIRS are already scan converted and new 
FLIRS will oe read out in a TV format,  it is not reasonable to require digital 
scan conversion In the MMSDS system. 
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I 
IR Line Scanners (IRLfi) 

Downward looking IR line scanners provide high resolution strip maps 
by scanning a detector cell or array across the flight path and recording the 
resulting video on film.    Scan rates of 1000 lines per second are typical. 
Frame time varies as a function of coverage and aircraft speed;  10 seconds 
is a typical frame interval.    Sensor coverage across track is in the ±70° 
range.    Resolution is in the vicinity of one miJliradian (or 1000 to 1500 
elements per frame dimension).     The basic dimensions of IRLSs are along- 
track-distance versus cross track angle.    Imaye distortion results from this 
format— rectification is possible by appropriate (/isplay mechanization. 
Scan Conversion is required to store a line at a time and read it out in a 
TV format. 

IR Search/Track Set (IRST) 

Air-to-air IRSTs operate similar to FLIRs; however, the sensor 
arrays are limited to between two and eight detector cells, and the azimuth 
scan rate is on the order of lOOVsec.    Multiplexing of the detector array 
is accomplished at a sweep rate of about 40 microseconds.    The detector 
output signals are displayed as intensity and/or amplitude modulated cell 
traces in a C-acan format (elevation versus azimuth).    Typical resolution is 
1 milliradian.    Multi-bar scan patterns similar to those of air-to-air radar 
search patterns are provided.    The number of sweeps per bar depends on the 
azimuth coverage.    Typical maximum values are around 2000 sweeps per 
bar.    Azimuth expansion is required when maximum target discrimination 
capability is needed.    IRST video is intensity modulated above an operator- 
controlled threshold level.    Scan Conversion is required to display IRST video 
in a TV format.    Audio tone signals are provided as a supplement to the 
visual IRST display presentations. 

Television (TV) 

Airborne TV sensors have been developed for long range target 
identification, precision tracking (using gated video trackers), missile 
guidance, low light level observation of terrain for purpose of flight con- 
trol, general orientation, target detection, acquisition, tracking, identifica- 
tion and weapon delivery.    Functionally, TV is similar to FLIR; however, 
its performance at low light levels is more limited.    TV images are generally 
more readily interpretable due to the sensor response in the visible region. 

Several television scan standards have been defined.    The most common 
is the 525 line raster with 30 frames per second, 2:1 interlace and a 3:4 frame 
aspect ratio.    Variations of the standards include:   525 line square rasters 
(missile televisions; e.g. , Walleye, Maverick, Condor), 787 line raster, 
875 line raster and up to 1200 line rasters.    Video bandwidths vary from 5 
to 20 megahertz depending on the raster formats.    Dynamic range of the video 
is generally in excess of 24 dB with 30 dB typical.    The effective resolution 
of the TV sensors is generally considerably lower than that implied by the 
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2. 2. 3   Symbology Requirements 

In addition to the sensor video, the MMSDS must also generate and 
display symbology.    This includes symbology for flight,  terrain avoidance, 
navigation, target search, weapon delivery, and other functions.    The sym- 
bology requirements vary widely for the aircraft and avionics systems 
covered by this study.    The optimum repertoire and symbol shape is con- 
tinually being updated to provide optimum performance.    This is confirmed 
by the recent revisions in MIL-STD-884 (A.  B.  C).    This standard is a joint 
Air Force. Army,  Navy attempt to standardize symbology among services 
and aircraft.    It should be noted that none of the existing avionics systems 
comply with this specification.    Also,  if and when this standard is imposed 
there will undoubtedly be revisions.    Therefore,  it is desirable to provide 
a syrnbol generation technique which can be easily modified and updated in 
the field. r 

Table 10 is a compilation of the symbol requirements as a function of 
mission mode and is a summary of the data from MIL-STD-884B     All or 
some of these symbols are required in the various systems covered by this 
study.    As an example of how symbols are combined and displayed.  Table 11 
was compiled for the F-4 system.    This is representative of the symbology 
used in present systems (e.g. , A-7, F-106) as presented on a 5-inch sensor 
display.    This symbology is broken into two groups.    One group is generated 
in the symbol generator; the second group of symbology is received already 
mixed in with the sensor video. 

Figure 2 is a representation of the symbol requirements for advanced 
weapon sys ems (such as Bl).    In addition to attitude information shown in 
display center    speed and altitude flight data are presented dynamically in 
the form of vertical and horizontal tapes along the edges of the display.    The 
sensor video is presented in the center. "F^y.     ^ne 

Since variable display sizes and raster structures are necessary to 
meet the diverse requirement of the MMSDS program, a symbol generation 
technique must be utilized to allow symbol programming to insurft^t 
symbols are presented with reasonable size and clarity.    For alphanumeric 
symbology the symbols must be at least 0. 2 inch high to be easily readable 

bl MI^STn ^V^?11 envi
u
r0

1
nment-    Thi- i8 *• numeric size specified 

by MIL-STD-1472A.    The symbology must also be sufficiently bright to allow 
reading in a high ambient and in some cases against the sensor video 
background.    Capability for multiple gray shade encoding of symbols is also 
desirable since some studies indicate an improved symbol quality for in- 
raster fymbols when using gray shades. 

for th« MlSSSfülf!:   " C,an ^ 8een that ** "y"*01 S*™**™ requirements for the MMSDS can vary from a simple repertoire to a ver/ complex reper- 

r^th K,6 Sl" and 8hape 0f the 8ymbo1- mU8t be *ble S ^ modified to meet the variable raster requirements.    This dictates the use of a flexible 
programmable symbol generator technique. "exioie. 
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Figure 2.    Symbology for advanced system application. 

Sys tern Inter face Requirements 

The input interface to the MMSDS consists of mode control,   video, 
timing and symbol generator signals.    The mode control signals define the 
display format,  coverage,   sensor mode,  etc.    Input video is received from 
the various on-board sensors.   Timing signals define the position of the 
sensor video with respect to the scanned space.    Discrete and dynamic 
signals are also received to define the proper generation of the symbology 
to be displayed.    Two types of input interface are discussed in this report, 
the DAIS interface and non-DAIS interface. 

The output interface from the signal transfer unit to the display is a 
single composite video line.    The justification for this interface is presented 
in Section 4.    It provides a simple interface to multiple displays and to a 
video recorder. 

In addition to the electrical signal interfaces,  the physical interface 
must also be considered.    The signal transfer unit and display units,  if 
separated, must be housed in either an electronics bay or in the cockpit. 
As such,  for maximum multi-system commonality, modules must be designed 
which will iSX. into the O & M constraints of the various systems. 
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T 

DAIS Interface 

Mfc A Tn!TbcaSeline nK,dular display system design is based on compatibility 
with the DAIS system interface.    DAIS (Digital Avionic Information System) 
is an Air Force concept whereby all avionic subsystems are treated as a 
whole system rather  than as a conglomerate of independent equipments     A 
major feature of DAIS is the use of a multiple terminal data bus.    All avionics 
control   test, and mode information will be transmitted on this bus     Therefore 
the mode control,   sensor data, and test command signals for the modular 
display system wil   be received over this bus.    Furthermore,  results of built- 
in-test for the display subsystem will be transmitted back over this bus as 
static words. 

»•     .    ^l,
blockjlif8rani,oftheDAIS Data Bus Architecture  is given in Fig- 

ure 3.    The modular multisensor display system appears in the diagram as a 
subsystem coupled to the twisted pair transmission line by a Multiplex 
Terminal onit (MTU) and a Subsystem Interface Unit (SSIU).    Flow of data on 
the twisted pair data bus is controlled by the data bus controller.    This con- 
troller would be a part of the aircraft main computer. 

DATA HJS 
CONTHOU«! 

HSU 

TWISTtD PAH THANSMISSION LINE 

MUI.Tin.EX 
TEIMINAI 
UNIT 

TOM 
DEFINED 
INFUTUKE 
STANOAID 

T=T- 
SUKYSTEM 
INTEWACE 
UNIT 

T 

REMOTE 
TERMINAL 

MTU 

i—r 
SSIU 

SUISYSTEM(S) 
(MODULAR MULTISENSOR 
DISPLAY SYSTEM) S$ 

Figure 3.    DAIS data bus architecture. 
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Three 20-bit word types are defined for the bua - a data word    a 
command word,  and a status word.    Each of these words consist of 3'bits 
for synchronization,   16 bits for address,  data,  or error codes,  and 1 bit 
for parity.    These words move serially on the bus at a 1-MHz rate. 

Each MTU is assigned a unique address in the command word and 
51,PSSÄW^? addre

i
S8ed by receiving or transmitting data and status words. 

Ihe MTU performs the necessary serial to parallel and parallel to serial 
.CK0nV«nST10n^ut0 SUE1*" between the serial data bus and the parallel lines to 
the bblU.    The MTU receives and stores a complete data message (up to   32 
lb-bit words) before retransmitting the message as a block to the SS1U.    The 
i>MU in turn sends the message on to the subsystem.    Although the SSIU is 
not completely defined,  it is logical to expect its output to be 16 bit parallel 
words with a tew additional control lines.    This is the interface provided for 
in the modular multisensor display design.    Eighteen parallel lines are 
provided for a 16-bit word and two control lines to connect the displav 
system with the SSIU. H    y 

The SSIU and MTU are considered to be parts of the subsystem 
terminals.    Therefore,  design of the SSIU and MTU are not a part of this 
study. r 

Non-DAIS Interface 

It will be many years before all aircraft systems within the Air Force 
command possess the DAIS system architecture and interface.    However    the 
modular display system is indeed applicable now,  therefore it is desirable to 
couple this display system with aircraft systems of widely different inter- 
faces.    The modular display system is designed (see Section 5. 0) to accept 
the digital parallel words in the DAIS format.    This is the simplest interface 
for an all digital system.    Therefore,  for other applications,  it is necessary 
to convert the input signals into this type of format.    Table IZ functionally 
describes the signal interfaces of the various aircraft systems. 

2.2.5   Physical Interface 

,The Size and form factor of signal transfer unit and display unit for 
the applications varies widely.    The required module complement must be 
configured in a manner to fit these various outline configurations.    This is 
particularly critical for retrofit applications where a given volume already 
exists in the aircraft.    Table 1 3 irdicates the existing dimensions of the 
signal transfer unit and display in various aircraft systems. 
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TABLE  12.    NON-DAIS ELECTRICAL INTERFACE SUMMARY 

F-4 
Series 
Aircraft 

F-106 

F-lll 
Series 

A-7 

F-5E 

Mode 
Control 
Signals 

25 Discrete 
Signals 
2 8 vdc 

14 Discrete 
Signals 
28 vdc 

20 bit Serial 
Digital Data 
(TTL level) 

26 bit Serial 
Digital Inter- 
face w/Com- 
puter TTL 
level 

20 bit Serial 
Digital from 
Computer — 
Discrete 28 v 
Signals from 
Radar 

7 Discrete 
Signals 
28 vdc 

Antenna 
Position 

Azimuth ±15 v 
Signal 
(0.25 v/deg) 

Azimuth 100 v 
p-p dc 

20 bit Serial 
Digital Data 
(TTL level) 

Serial Digital 
Interface 

Demodulated 
Analog 
Signal 

Analog 
Azimuth 
Signal 

Symbol 
Signals 

18 Analog 
signals define 
symbol posi- 
tion 
(approx 25 v) 

18 Analog 
signals define 
symbol posi- 
tion 
(approx 100 v) 

N. A. 

Serial Digital 
Interface 

Serial Digital 
Signals from 
Computer, 
Analog sig- 
nals from 
Radar 

Analog 
Position 
Signals 

Video 

Analog (with 
prf pulse) 

Radar 2 v 
(with prf pulse) 
IR 9 v 

2 bit digital 
with transfer 
clock 

Analog video 

Bipolar analog 
video with 
sync pulse 

Composite analog 
video 
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TABLE  13.    INSTALLATION O & M 

F-4 

A-7 

F-106 

F-15 

F-IU 

F-5E 

Digi'al Signal 
Transfer Unit,  in. 

8.2  x   10. 3 x  20.3 

9. 5 x 6. 5 x  18.0 
(half is available for 
scan converter 
functions) 

7.7 x   11. 7 x   13 

6 x  8-1/2  x   14 

8 x  12 x 20 

None 

Display Units 
Size of Unit, in. 

(w x h x d) 

Rear   -    6. 5 x  8. 5    x   18. 0 
Front - 11.5 x  6. 77 x   18.9 

5.75 x  5. 75 x   17.25 

7" diameter  x 25" 

6x6x15 

VSD    8 x     7 x 27 
MSD  14 x   11  x  32 

6x6x17 

\ 

\ 

2. 3   Operator Requirement« 

the a.rc^ewtoVnd^ rTc^TndV'0^ ^^ ^ that *" "^ ^ 
designer is charged ^ith select-        ^     ^^     ^ landmarks-    The display 
'ostconstrzintsrtLs*^ * Physical and 
formance of those tasks      LR„^inI ^     i M    at enhance the crew's per- 
of displays opt°m1zed f«; th^T   S        * ' Wel1 trained crewmen.  the design 
criterL^Th^^ 

displayed data inÄ^,TA.K t^ih^fÄI^?lirÄ:  T^. U'  ^ junction with the sensor    m-Jt-t   cnre8."alds'  and 2) they must,   in con- 
ihe display/senLr system Tu st nr008;1^6 f*/"*1-1 0f the ^rator.  that is. 
to carry out the taskYn hTn^   V / ' * information ^e crewman needs 

then,  Jay be assessed agatst t^o SZZTTZ^^Z ^ a di8play' 
related to the psychophysical demL   -M      behavioral criteria; those 

the cognitive demands oVih^ operator 0Perat0r ^ th08e reIated t0 

2-3.1    Psychophysical Demands 

w iJ; zsfzzsss EÄÄÄrsÄr*.1':met by m^ching 

\ 
\ 
\ 
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the eye as a detector and typically describes that response as • fnn.H 

appl.cation is dictated by the number that ^rrnVr th.,. !,       P ay 

rate of the data presented      If ImUZI P:[   .    ,     e reciuired comprehension 

the human observer Is 5 to 7 cvcles tr^      ••»f411^f^^ frequency for 

the STTpUr I. .ynchronizeTto the .ln8
PörVanS if^.S

r
e°r0r elemrnts-    If 

Hi««la,/;    ai8Play results that is isomornhic to the sensed imaeerv     A 

Uns 

labor..»?;8^
S
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U"u
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CORRESPONDS TO: 

100 TV LINES/INCH AT 
20 INCHES VIEWING 
DISTANCE 
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26 INCHES VIEWING 
DISTANCE 
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-LI 
60 

FLgure 4.     Modulation sensitivity function of human 
visual system. 

20 
RESOLUTION OF 18 CYCLES (36 PIXELS) PER DEGREE ASSUMED 

liji-i-i    DESIGN CENTER 
VIEWING DISTANCE— 

RANGE LOCUS OF 2frOEGREE 
DISPLAY ANGLE 
SUBTENDED BY 
THE VIEWER'S EYE 

13B 104 
PIXELS PEN INCH 

Figure 5.    Optimum display size and resolution density as a 
function of viewing distance. 
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other colo/ed ^OWIRM U M^.T*Si "-^uence o. us-n'g 
Semple (ref 2) illustrates tho Aiff    co"s7ercd-    F^ure 6 taken from 

lengths conta/ned in thlw   iblf poVnon    f :KnSitiVity 0f the ^ t0 ** ***' 
for comparison are the em .J™ i       ^ sPectr"™-    Also shown 

the ermsston wavelengths of some common CRT phosphon 
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phosphorate ct^of0?;'^ 1UminOUS ^^ ^ *^^ • 
pattern perception presents proMem?- ChrVe'     ^ USe 0f red light ^ 
accommodat.ve fatigue due to ocuU^chr ^T^ adaPtation ^ increased 
aberration effects decreaLthe^™^ aberratio"-    Chromatic 
increase '.he v.sual demand curve ^H

1
"

8
,^

61
" 

0f the eye and thus **** 
(ref 2) states that -the resolv^na n P ^ Contra8t «-equired.    Semple 

Lengths i. almost eqtl^Äf'whT "ghf ViV^^"^™" 
resolving power of the ev^ io M|      "ie llKnt-    -tor red,  however,  the 

and ro. ?,£ 5 f. of„tXut
,Son

0en!L   "a"   ^f/^«^ ^ t"' 1,8ht 

deficiencies in the lens of the eve are mo«Vl . .'       The8e refract»ve 
due to the increase in the pS^duSltS W^I! i* lOW luminance levels 
may be required to focus red or M.? i w Incr

u
eased accommodation times 

this would'further degrade ptrformancf   ^ ^ SUrfaCe 0f the retina' and 
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Figure 6.    Spectral sensitivity of eye 
compared to commonly used CRT 

phosphor wavelengths. 
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1 
Due to the combination of reasons described above,   it is recommended 

that the phosphor selected lie in the green-yellow region of the visible  spec- 
trum.     The  P-3i  and narrower band P-44 phosphors for example meets 
this requirement. 

Traditional night use of monochromatic red colored light in CRT 
displays has been directed toward the preservation of dark adaptation.    Since 
the rod receptors are relatively insensitive to the red area of the spectrum, 
red lighting has been used to preserve rod sensitivity.    However,  there is 
some argument as to whether red actually buys anything, and the Air Force 
has now gone to blue-white cockpit display lighting.    A research review 
conducted at Hughes under another contract indicates the need for a revision 
of the long standing design principle that red displays should be used for 
night operations.    Several of the reviewed studies have shown that visual 
tasks which require pattern recognition and thud foveal viewing,   such as 
those projected for multi-sensor display application,  do not benefit sub- 
stantially from red light,  either during preadaptation or when red light is 
the illumination source. 

Luminance Dynamic Range 

The modulation sensitivity function describes the amount by which a 
base level luminance must be changed in order that an adjacent luminance 
will appear as a different brightness to an observer.    In order to know how 
much intensity information can be communicated by a display,   one must 
know not only the modulation sensitivity of the eye as described in previous 
paragraphs but the luminous range over which visirn operates.     The number 
of perceivable gray shades,  then,  would be the luminous dynamic range 
divided by the number of discernible luminous differences.    It is of some 
interest,   therefore,  to know the total luminance rar^ge of the eye. 
The total range is enormous if one considers the luminance of snow  in the 
sun to the values of the darkest night.    As can be seen from Figure  7,   the 
total dynamic range is on the order of  10 billion to I.    However the 
instantaneous dynamic range is only on the o.der of 100:1 to 1000:1 and 
provides ■ window of that size whose positirn is controlled by the visual 
adaptation level.    If the eye, for example,  is adapted to 1000 fL,  then any 
luminance below 1 fL will appear black and no brightness discriminations 
can be made below that level.    This observation has two implications for 
displays.    One is that it makes no sense to attempt to design displays that 
have a greater dynamic range than the eye.    The other is that the average 
luminance of the display as seen by the observer should fall within the 
window to which the observer is adapted.    If, for example, the observer is 
adapted to 2000 fL and a display luminance is on the order of 2 fL the image 
will appear exceedingly black no matter what the contrast. 

The luminance problems for display design are not currently ones of 
exceeding the eye's capability but of bending every effort to extend the dis- 
play average luminance and dynamic range.    The greater the luminance 
the more likely will the display match the adaptation level of the observer 
in daylight conditions, and the greater the display dynamic range —up to the 
limits of vision —the more intensity information can be conveyed by the 
display. 
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An index of the effectiveness of displays in providing intensity 
information may be obtained by employing the concept of gray levels.    For 
convenience,  gray levels are defined arbitrarily as the number of shades- 
of-gray in a standard step-wedge which increase in brightness from adjacent 
step areas in the ratio of   Jl,      The total contrast ratio (C.R. )   required for 
"N" shades-of-^ray is therefoi >re: 

C.R. (/2) 
N-l 

Contrast ratio is defined as ^n^x/^min, where Bmax is the luminance 
at the viewing surface of the display due to the combined CRT light output and 
the reflected ambient li^ht and Bmin is the luminance due only to the reflected 
ambient light.    Conventional display tube phosphors normally reflect 60 to 
80 percent of the incident ambient light; therefore,  in a 10,000 ft-candle 
ambient,  Bmin may be as high as 8,000 foot lamberts.    To provide a contrast 
ratio of,   for example,   11 to 1 under such conditions, would require a CRT 
high light luminance of 80,000 foot lamberts; a level that is not only impos- 
sible to achieve in conventional CRTs,  but one that would be harmful to the 
observer's eyes.    Clearly,   some type of contrast enhancement technique is 
required to reduce the CRT luminance requirement to an acceptable level. 
A description of alternate contrast enhancement techniques follows. 

Basic Contrast Enhancement Techniques, 
techniques may be classed as follows: 

Contrast enhancement 

Restrictive 
Angle 

Two-way 
Attenuation 

Restrictive 
Bandwidth 

1. Fiber Optic Faceplate 

2. Mesh 

a. Kaiser Micromesh 

b. Hycon Thin-Film 
Multimesh 

c. 3-M Film. 

1.    Neutral Density      I.    Absorptive Filters 

Z.    Polarizing 2.    Interference Filters 

Specific contrast enhancement hardware often uses a combination of 
two or more of the above techniques.    For example, an absorptive-bandwidth- 
restrictive-filter also uses neutral density two-way attenuation, attenuating 
frequencies inside and outside its pass band. 

The analysis which follows first determines the advantages, 
disadvantages and characteristics of each individual technique used separately. 
Finally,   combinations of the techniques are considered and evaluated. 
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Hfstrictive Angle Filters.    All of the filters (techniques) grouped in 
this tdtegory atilisc the fact that the operator need only observe the CRT 
light output over a limited viewing cone,  while ambient illuminaHon,   on the 
average,  will encompass an approximately hemispherical volume around 
the observer.     A common example of the directional filter technique is the 
use of a hood over an oscilloscc pe to reduce the effects of directional room 
ambient. 

1.      Fiber Optic Faceplate 

Operation of a fiber optic faceplate is illustrated in Figure 8 

.FIBER OPriC 
FACEPLATE 

VIEWING 
SURFACE 

9-ACCEPTANCE 
CONE 

Figure 8.    Fiber optic CRT. 

Each individual fiber or light pipe is 
coated with a black material (EMA, 
Extramural Absorption material). 
Each fiber efficiently transfers all 
of the phosphor light that occurs 
within the fiber's cone of acceptance 
to the outside of viewing surface 
of the CRT.    The light emanates from 
the CRT face with a similar cone of 
acceptance.    To view the display, 
the observer must be within this 
acceptance cone. 

Ambient light impinging on the CRT face outside of this accept- 
ance angle is absorbed by the EMA coating.    Since no light diode 
action is possible, ambient light incident within the angle of 
acceptance is passed through the fibers,  reflected off the 
phosphor, and transmitted back to the viewer. 

The affectivcness of a fiber optic faceplate can be approximated 
by assuming a diffuse ambient.    The proportion of the ambient 
light rejected by the fibers is proportional to 

m 
where G = acceptance angle of the fiber.    For a typical fiber 
optic CRT,  9 = 80° then 

m 5. 

Ignoring first surface reflections and phosphor reflection, a 
theoretical improvement in contrast ratio of 5 to 1 would result. 
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2,      Mesh 

The next general category of directional niters uses a thin mesh 
in  front of the CRT where the mesh functions much like an in- 
line Venetian blind as illustrated in Figure 9 

PHOSPHOR 

Figure  9.    Mesh Type 
Filter 

In this type of filter,   light from angles 
outside the acceptance angle is 
absorbed within the louvers of the 
mesh.    The acceptance angle is deter- 
mined by the geometric construction 
of the mesh (depth,   spacing,  etc. ). 

Ambient light incident within the 
acceptance angle is accepted, 
reflected from the phosphor, and 
retransmitted back to the viewer. 

Typical acceptance angles of less than 50 degrees (±25 degrees) 
can be obtained, thus theoretically reducing the effects of diffuse 
ambient by more than (180/50)2 or more than 1 3 to 1. 

?uhe^eptanCe COne can be channeled to be other than normal to 
the CRT to accommodate an cff-axis viewer.    Also,   the louvers 
at the extremities of the display can be "focused" inward to 
prevent darkening of the display near the outer edges. 

Two Way Attenuation.    The next general category of contrast enhance- 
^ent tecnmques takes advantage of the fact that ambient light has to pass 
through serial elements twice, while the CRT light output need traverse 
the optical chain only once, as illustrated in Figure 10. 

BAMBIENT 

Figure  10.     Two-way attenuation. 

,2 
r n f 

A"ll;ient
u
light i« atten^ted by T2 (assuming 100 percent phospho 

reflectivity), whereas CRT light output is attenuated onlv hv T TV,.,„ It 
theoretical gain is 

light output is attenuated only by T.     Thus the 

Brightness of CRT 1 B' 
Ambient Brightness        Tt2 ,, 

T    B 

CRT B, 
1   Y       "CRT 

'Ambient Ambient 

This is a net gain of -^   over the use of no series-attenuating filter. 
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Practical considerations (e. g. ,   first surface reflection) reduce the 
gain possible with this technique to less than 10:1.     There are two major 
types of two-way attenuation filters: 

1.      Wideband 

i. 

The most commonly used technique is the neutral density (gray) 
filter,  a wideband filter which attenuates most frequencies 
uniformly.    Neutral density filters are readily available in a 
wide variety of attenuation coefficients from a fraction of a 
percent to over 90 percent. 

Polarizing Filters 

The operation of a polarizing filter is illustrated in figure  11. 

SUNLIGHT 
UNPOLARIZED. 

NO  LIGHT 

POLARIZED 
LINEAR LINEAR 

POLARIZED -i- 
LAYER 

QUARTER 
WAVE 
LAYER 

CIRCULAR 
POLARIZER 

INCIDENT 

REFLECTING 
SURFACE 

POLARIZED 
LINEAR 

'REFLECTED 

1/4 W-'VE LAYER 

Figure  11.    Circular polarizer. 

I 

The first surface linearly polarizes the incident ambient.    The 1/4 
wave layer polarizes the light right-circular.    After specular reflection,  the 
light is polarized left-circular, then is shifted 1/4 wave as it passes again 
through the 1/4 wave layer.    The total change  in phase to this point is one- 
half of a wave length,  which transforms the ray to be linearly polarized 
into a plane 90 degrees to the original entry.    This shifted light is then 
absorbed by the first element,  the linear polarizer. 

One  principal disadvantage of using the circular polarizer directly 
in front of the CRT,  is that phosphor will depolarize from 65 to 85 percent 
of the reflected light,  thus the polarizer loses much of its effectivity. 
Polarizers are available which transmit from 20 to 40 percent of incident 
light,  «o the filter can also function as a neutral density filter. 
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u^ru        u  Panzer is designed for one specific center frequency (which 
matches the 1/4 wave retarder) so some leakage occurs at higher and lower 
requencies.    However,   the polarizer is usefuUn front of an fnterferencr 
Iter      Since the interference filter specularly reflects rejeced frequencies 

the polarizer can then efficiently absorb these polarized wavelengths 

PHOTOPIC RESPONSE 
OF  EYE 

% RESPONSE 

PHOSPHOR/MATCHED FILTER 

FREQUENCY 

Figure  12.    Narrowband phosphor/filter. 

Two types of filters can provide the narrow bandpass required. 

1. Absorption 

The absorption filters, which absorb the rejected frequencies 
are not as efficient (10-30 percent transmission for the pass fre 

filters.    Generally, they cost less than interference filters. 

2. Interference 

The interference filter, which reflects rejected frequencies 
typically transmits 80 percent of the center pass frequenct    has 
sharp and narrow skirts on the nearly square tt^ZT^iJSL 
curve,  and generally is more expensive than an alsorpUve fUter 
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The design requirement for display frame rate has traditionally been 
determined by the conditions under which a display operator will cease to 
perceive flicker.    Perceived flicker,  or the lack thereof,  is measured by 
the critical fusion frequency (CFF).    The CFF is defined as the frequency 
of change in the luminance of a visual stimulus at which perceived flicker 
extinguishes and a smooth fusion occuri«.     The design value typically 
selected for frame rate correspondingly has been that at which the CFF has 
been exceeded.    In other words,  the design philosophy has been that the 
display  shall not  flicker.     A  vast amount of information exists  on the 
value of the  CFF as  a function of various  environmental and display 
parameters. 

On the other hand,  no information is known to exist which quantifies 
dt^-adation in operator performance as a function of how badly a display 
flickers.    Consequently,  display designers have been unable to make 
reasonable and knowledgable tradeoffs between degree of flicker and 
operator  performance       In  developing  MMSD  requirements,    the  CFF 
threshold was   not  the  only flicker criterion  considered.      The  point  at 
which flicker becomes so noticeable that it (I) is distracting (2) begins to 
affect performance, and (3) induces fatigue, were also considered.    For- 
tunately these considerations and lack of human engineering data did not 
constitute serious problems in the design of the MMSD.    In this application, 
the display is refreshed directly from memory and refresh rate is relatively 
independent of other processing time constraints.    For this reason,  flicker 
could be eliminated by selecting the relatively high refresh rate of 60 Hertz 
(30 Hertz frame rate with 2:1 interface) as the following analysis will show. 

Many interacting factors are involved in the perception of flicker. 
These include:    ligl t adaptation level,  retinal area stinulated,  luminance 
intensity, flash duration, phosphor characteristics, display refresh rate, 
and information update rate.    Existing data show that the CFF increases 
with increased area of retinal stimulation (ratio of display size to viewing 
distance),  increased in display luminance,  and also with a decrease in 
duty cycle (ratio of on-time to off-time). 

Figure 14 from Carel (ref 4) presents data that show the relationship 
of a number of these factors to the CFF.    To illustrate the use of this figure, 
assume a maximum CRT brightness of 1000 foot-Lamberts (worst case) and 
a 10 percent neutral density filter giving an effective maximum display 
brightness of 100 foot-Lamberts.    No display will ever be all maximally 
driven at the same instant because no information is transmitted in that 
mode; thus an average brightness for the entire display of 50 foot-Lamberts 
is a more   reasonable  value to select.      The appropriate value of 
viewing ratio,   p,   (the ratio of viewing distanc J to screen diameter) lies in 
the range of 4 to 5 for the MMSD.    It was desirable to use the standard TV 
refresh of 30 frames/sec with 2:1 interlace.    Thus,   following the value of 
60 on the ordinate of Figure 14 across to intersect a value for   Sc of 50 foot- 
Lamberts shows that a minimum value of t/T of 0. 35 must be used to elim- 
inate flicker from the display.    Continuing the calculation, t = 0. 35/60 = 
5. 85 msec.    This value of t is the time required for the phosphor brightness 
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to decay to 5 percent of its peak value.    Most phosphors are given specifica- 
tions for fall time to 10 percent,  and the equivalent value for nnninmm fall 
Urne xs 4. 5 msec.    Thus if this requirement is meant,  there should be no 
visible flicker on the MMSD at standard TV refresh rates. 

Other sources of data indicate that the minimum value of fall time 
(10 percent) arrived at above is quite conservative.    Table 14 taken from 
Semple (ref 2) indicates that even the low persistence P-31 phosphor with a 
fall time to 10 percent brightness of 38 psec at an average brightness of 
100 foot-Lamberts has a CFF of only 51 Hertz.    It is curious to note the 
wide discrepancy in this phosphor specification; Luxenberg and Kuehn (ref 5) 
list the P-31 phosphor as having a fall time of 1. 2 msec.    Semple (ref 2) also 
notes that the rank ordering of CFFs in Table 16 correlate mor- closely with 
residual light after a fixed time period than with the persistence to 10 percent 
In any event.  Figure I 5 taken from Semple (ref 2) shows the P-31 phosphor 
to be flicker-free at least to 100 foot-Lamberts using a 50 Hertz refresh rate 

10 20 30 40 50 

AVERAGE LUMINANCE, FT LAMBERTS 

100 

Figure  15.    Critical fusion frequency as a function of emitted 
luminance and phosphor type.    (Adapted from 

Turnage, Ref.   6). 

2.3.2    Cognitive Demands 

In the previous aection.  the response of the eye to intensity modulation 
and temporal interruption as a function of a select set of variables was 
described.    These data inform us only of the conditions under which elements 
of an image may be visually discriminated without bothersome flicker.    To 
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TABLE  IS.    RADAR 

INDEPENDENT VARIABLES 

SPATIAL QUANTIZATION: 

STUDY 

GREY SCALE 
QUANTIZATION: 

FIXED CONDITIONS 

Display Size: 

Ground Coverage: 

Imagery: 

Radar Type: 

Display Luminance: 

Ambient: 

Display Dynamic Range: 

INDEPENDENT VARIABLES 

Response Time 

Recognition Error 

147 PIXELS (34 per inch) 

514 PDCELS (71 per inch) 

4 GREY SHADES (2 bits) 

H GREY SHADES (3 bits) 

16 GREY SHADES (4 bits) 

7-1/4 inches,   square 

Constant (value classified) 

Synthetic Array Radar 

Side Looking 

10 fL 

i fL 

50:1 

looking S^ff^WeJ    The sa^T^r8 "^ reCOrd8 of hi8h 9***l •«•- 
l^t^ZZS^^Sgi^ Wa8 maPPed at two diffe/ent 
sensor resolution as dK^A^JSJ^ TK** '"^ ^ 
classified and to keep the bodv of this rZLtf        .       !,.   ThlS ""»ßery is 
im^ry or da.a .onL^ZIX ÄÄ^ÄS*' 

the target, are given u, Table U. '■«««—■ and useful cue. around 

two .en.or .imuUtion devic«-. fll-   •       ' *' Upper left are ■ho«'n 
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TABLE  16.    TARGETS AND BRIEFING CUES 

larget 
Number Tai-Ret Type 

3-way Road Junction 

Earthen Dam 

Freeway Overpass 

Bridge 

Dirt Trail Junction 

Corner of Field 

Stream Junction 

Bend in road 

Junction of road 
and canal 

10 Hower Plant 

11 Administration 
Building 

Target Aimpoint 

Iding 

Center of Junction 

Center of dam 
separating two 
bodies of walrr 

Dead center on 
the overpass 

Center of bridge 

Center of Junrtion 

Upper left 
corner of field 

Center of stream 
junction 

Center of bend in 
road 

Center of junction 

Center of power 
plant 

Dead center on 
roof of building 

Center of roof 

General 
Target 

Location Useful Cues Around Target 

Rural area       Inverted Y shape (A) formed by 
roads leading to iunction 

Rural area        Shape of shore line 

Rural area        X-shapc formed by the freeway 
and crossing road 

Industrial-        S-»hape bend in river below 
residential       target: horUontal oiientation 
area of road crossing river 

Rural area       X shape formed by roads 
meeting at junction; contrast 
differences between one side of 
junction and the other 

Rural area       Contrast difference between 
field and background; irregular 
shaped field to upper right of 
target 

Rural area       Contrast difference which splits 
the moor almost directly in half; 
runs through the steam  junction 

Rural area       1,-shape of road 

Rural area       X-shape formed by crossing of 
road and canal; Irregular 
shaped patch of trees to upper 
right of target 

Industrial-       Shape of the body of water 
residential       adjoining the power plant 
area 

Residential      Freeway complex forms side- 
area wiys Y around target area; 

target located near housing 
development 

Rural area       Backwards 1,-shaped road to 
left of target 
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photographü: film imagery to produce video data simulating video from an 
electro-optical or radar sen*"*      For thesp stnHi«« fh» «^      • was used -c-_   ..    _ or mese studies the television scanner 

A"aloß video data from the scanner is displayed directly on the 
variable hne and frame rate TV monitor located within the Operator's 
Console.    The video may be digitized or analog.    For these studies,  the 
analog video was converted to digital format where gray levels were 
quantized to 2.   3,  4,   5.  or 6 bits corresponding to 4,  8.   16     32   Ind 64 
gray shades.    In addition,  the brightness transfer function (BTF) may be 
X.U xed from a Ixnear function to one of 100 different non-linear relationships 
For these studies    the BTF was  usually selected to provide a pleasing       P 

picture and was subsequently measured. H^asmg 

..     *      A [t'^ Jelevision monitor was used as the video dispUy.    The 

7-1/4*12?. Wa8 adJUSted to a width of 7-1/4 ^hes and a height of 

When the oblique view characteristic of EO sensors is simulated, 
closure on the target is provided with a servo driven 20:1  zoom lens on the 
Television Scanner (TVS). aoom iens on tne 

Operators' Task.    The task of the 12 Hughes engineer-subjects was 
o designate the aimpoint of the radar targets with a sm\llpointer     PHoV 

to each trjal, the operator was thoroughly briefed using vertical aerial 

Ü£!ZP H        "T™"^* 8ame 8Cale a8 the displayed radarTest 
aL gI7; S\u    lAUo Provided with fetches of the probable radar returns 
area      T^     ^f^^^ ^ich the radar was illuminating the target 
area.    The combination of radar ground resolution, display resolution   and 
grey scale quantization wa. also provided the observer ^ust before each 
experimental trial.    Considerable time was devoted to brTefing the observer 

Jrtal b^a^   Wh^f* '^V "T^ ^^ 0f what to look%or before a" 
l^\   J        .v, e Wa8 ready' the "toHwY "dar image waf. uncovered 
h" s^id ^a'     nTa^d8^1^    ^^ *• 0b8erVer fOUnd ^«desired Urge" n    said    now  ,  placed the crosshair over tne target he had selected   and 
whe h       Wa8 ^T™***'    The experimenter recorded the elapsed time and 
whether or not the target aimpoint was correctly designated. 

Results.    Analyses of variance were computed uain« the Dronortion 

° aireT'uir; drignations- The 8tati8tic Et*™* SaSilz?:?lon 
mala etfeas and interactions to establish the percent of variance accounted 

Ta^e 17 ^ ^^    A ^^^ of ** -^^ is «Wn ^i 

—■?-•-F j    ■ 



TABLE  17.    ANALYSIS OF VARIANCE SUMMARY:   PROPORTION 
OF CORRECT TARGET RECOGNITIONS 

Source of Variation DF SS MS ETA 

1 Grey Scale Quantization 2 0.00815 0. 00498 0.0283 

Z Display Spatial Quantization I 0.00241 0.00241 0.0084 

3 Sensor Resolution 1 0.2324 0.23241 0. 806 i 

I x 2 2 0. 02042 0.01921 0.0708 

I x 3 2 0.01482 0.00741 0.0514 

2x3 1 0.00001 0.00001 0.00003 

Residual 1x2x3 1 0.01002 0.01002 0.0348 

Total 11 0.28822 

Gray Shade Quantization.    The main effect of gray shade rendition 
is shown in Figure 17.    Cumulative percent probability of correct recognition 
is plotted as a function of time.    As can be seen from the graph, there was 
little performance difference between the 3- (8 gray levels) and 4-bit (16 gray 
levels) conditions. 

I 

I 
i 

10 40 SO 

T1M£, StCONDS 

60 70 80 

Figure 17.    Piobiibility of fiuding Urgct as a function 
of time and gi ay scale quantisation. 
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The 2-bit condition (4 gray levels) was inferior to the 3- and 4-bit conditions 
in the number of correct rejognition responues made during the first few 
seconds.    In terms of final performance (probability of correct target recog- 
nition),  there was little difference between the 2- and 4-bit conditions. 
The analysis of variance,   Table 17,   indicates that the main effect of grey 
shade rendition failed to attain statistical significance. 

Spatial Quantization.    The main effect of spatial quantization can 
be seen in Figure 18.    As can be seen from the graph there was a slight 
indication that the 71 pixel quantization fostered higher percentages of correct 
target recognition between 8 an'' 20 seconds.    Terminal performance,  however, 
appeared almost identical for the two conditions.    Analysis of variance of the 
main effect indicates that this variable failed to attain statistical significance. 

-DÄ «1 

X 
40 SO 

TIME, 5tCONDS 

60 70 80 90 

Figure  18.    Probability of finding target as a function 
of time and display spatial quantization. 

Sensor Resolution.    The main effect of sensor resolution can be 
seen in Figure 19.    As can be seen from the graph, probability of correct 
recognition under the high sensor resolution condition reached 80 percent after 
the first five seconds of the trials while the corresponding percentage for 



Figure  19.    Probability of finding target as a function 
of time and radar resolution. 

I 
i 
I 
I 

the low resolution was only 43 percent.    The high sensor resolution retained 
its superiority over the low resolution through the duration of the trials with 
llT™      nf^SufX* l

reachinS 98 Percent for the high sensor resolution 
and 70 Pf rcent for the low resolution.     This difference was satistically signifi- 
cant at the 0  05 level.    Calculation of the statistic Eta showed that the efSct of 
sensor resolution accounted for 80 percent of the total experimental variance. 

Interactions'    None of the interactions was statistically significant 
Plots of the results of the combination of high and low resolution radar with 
each of the display quantization levels are shown in Figure 20. 

Electro-Optical Studies 

Electro-optical ground mapping sensors are not, as is radar 
generally restricted to operate against stationary and relatively large targets 
For some apphcaHon, they may,  of course,  be used to find fixed targets 
whose location is known a priori,   and in this instance the operator's task is 
similar to that which obtains in radar.    That is,  the operator will locate the 
tar^   ^8.CK     T1*6? S"1 t*****1* cueß a« "»«U as the signature of the 
In/fn*   SZ  n* ^ ^  the8e 8en80r8 may al«o *>• "«ed to recognize 
and identify fleeting and non-stationary small tactical targets.    For the 
operator,  this is a completely different task than finding a ground target 

73 



•^r 

• 

34 PIXELS 

5=«*: 
n PIXELS =?l 

71 PIXELS 
<rOf -0- A  

=■1 
34 PULLS 

HIGH «ESOLUTION RAOAR  

MEDIUM RESOLUTION RADAR  

30 

Figure 20 

40 50 

TIME. SECONDS 

Probability of finding targe 
of time,  spatial quantization, 

radar resolution. 

60 70 80 90 

t as a function 
and 

Xn^n^^hiraMC: ZZ^tT Ä ***** *' ** -textual 
"^age.    This,  in turn, ma7reo^r! fh a,8haPe signature from the displayed 
withi. the target.    Th^ J^oiS^tÄ IES?^?" 0f 8ma11 ^äuLilnt 
more sensitive to variations^Tuan^ized Wdeo     '' ^ ^^^ t0 be mUch 

and "ZStfj^^ the effects of spatial 
of operational tasks,  e. g.   wherT the ^4?. ,     P"^mance for both kinds 
position known and where the tlskU Taut   %£****** lar8e *** its 
target.    For the purpose of ^Sreoort    U.    ? '«»cognize a small tactical 
"Finding a prebriefed UrKet^and*K'       '   ?     *** ^ been c*li** ea target   and    Recognizing a Vehicle" respectively. 

Findin&a Prebriefed Tarcet     In fh««« 
operator was to7iHd a stationary V^ct if th     eXpermient-» the task for the 
forward-looking television sensor     TK  T miage Provided by a simuUted 
and POL«,  and the operator was brie

T
f^ SfS?* inCluded brid8".  buildings 

find.    The expeHmen^l^^^its'lri Us^dt ?*fi~ ^ ^ was to'8' 

I 
I 
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TABLE  18.    EO STUDY EXPERIMENT PARAMETERS 

Independent variables 

Spatial quantization: 

Gray scale: 

Fixed conditions 

Display size: 

Luminance: 

Ambient: 

Brightness transfer function: 

Imagery: 

Subjects: 

Dependent variables 

Time to designate target 

Error 

34 pixels  per inch 

71 pixels per inch 

B gray shades (3 bits) 

16 gray shades (4 bits) 

32 gray shades (5 bits) 

7-1/4 inches, square 

10 fL 

10 fL 

Visually optimized for each image 

Oblique aerial photographs 

12 Hughes engineers 

Targets. A represesentative target used in the study is shown in 
Figure 21. The targets, target aimpoints, general target locations, and 
useful cues around the targets are given in Table  19. 

Imagery.    The images from which the targets were selected were 
taken from medium altitude oblique photography.     The originals were copiec 
cropped,  and prepared for use in the Himulcüur.    Examples of one target in 
the various experimental condition are illustrated in Figure 22. 
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1.00 

» 30 40 
TIME TO ACQUISITION, SECONDS 

Figure 24.    Probability of fir.ding target as a function 
time and resolution. 
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O 
$  0.80 

5 
Z 

1 0.40 
o 

i 
O 0.40 I 

I 

v-* 

^^5 »ITS (32 «AY SHADES) 
^'^v^J* «TS (16 QUAY «TS) 

3 anrs (s QUAY SHADES) 

» 30 ^o" 
TIME TO ACQUISITION, SECONDS 60 

Figure 25.    Prob.bUity of £in?ing targee „ ^ ^^ 
time and grey scale auantizati«n   ■ quantization. 
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0.80 

* 5 

GREY SCALE QUANTIZATION, BITS 

Figure 33.    Size required for harget 
recognition in the EO study. 
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Figure 34.    Delmition required for ttreet 
recognition in EO study. 
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Figure 35.    Probability of recognizing target as function of 
display resolution. 
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genera! relationship holds across gray scale quantization levels.    Analyses 
o   variance were calculated for both target size and daXUUti«« (number of 
pixels per target).    Eta's were also calculated for each varUhlr     Eta nro 
vides an estimate of the percent of variance accounted for by each variable 
The results of these analyses arc shown in Tables 23 and 24. 

These data may be converted to relativ*, p^rfo^mancp geotea t 
normalizing to percentages.    Using the size criterion, 'the best^performanrr 
raVl'H ^n60 Wlth/1 P-elf and W gray shades.    If this performance .s 
called 100 percent,  the relative performance of ih. oiher coadltiona lä ** 
shown in Table 25      liming the definition criterion,  the best performance was 
obtained with 34 pixels and 32 Krav shades.    If thi« performSce l/caUed 
100 percent,  the relative performance of the other conditions is as shown 
in  laüie cu. 

f 

t 

Di scussion 

| 

4.U    A      ^ refluli" uf £hcse ^o experiments,   taken together,  demonstrate 

^^r^".0'.^?.1^.^'^."''"^.-'^ '"" •?«- orator.9 ^ 
K,: V*; '"-'T T    ^^   0fcuuy lUu,caCe mat when tne operator is thorouehly 
briefed    is .ookmg for a target whose coordinates are known,  and use; 

^irr^f      'TZ*?*1 fUe8 t0 find the target'  thc -esolution and gray 
^e

r
r;"f;10n 0f t,hc d/SPla'" can vary ov«r a wide range without havln« a 

major effect on radar target recognition performance.    The critical variable 

•■Ss'ee0s"CaUdri8fferene. M!"^
8
 ^^ Sen80r: the hi*h re«ol^ion radar 

.if       ^rr nt World than the rnedium resolution radar and the fact that 
those different Wnrld, may be mapped to the dUpUy Z niff.r.n' d fpiav 
resolutions makes little difference.    A small difference occurs wh^n the 
gray scale quantization falls below 3 bits, therefore 3 bit video is the 
recommended radar video quantization for the MMSDS. 

Performance in finding a prebriefed target using an EO sensor is 

Tarb^r wHhth?^6 t0 di?lr ^Zatio* variatfons.    Performance was better with the higher resolution and higher number of arav scales     It 

cl r^8 ^ ^ effeCt8 0f the8e ^dles are different fn HrXr 
case and the electro-optical case in spite of the fact that the task of the 
operator - finding a prebriefed target- i8 nominaUy the same 

M. MJI1?1 E2 8en8?r case» ^e quantization intervals provided the limitinjr 
^"f      l       '^ 8yfltem-   A chan«e to the "Patial '«solution - the pixel 
SSS^Sw* 0nly t?e di8play but ^ i^* resolution.    Performance 
therefore, can be expected to be more sensitive to quantization yariaS    ' 

Ti    J-  A, 8ec°1l ord" e£fect is hypothesized to occur because of formattlnff 
xue diapiay ot the radar data is in exactly the same coordinate system as 
the reference aids that the operator used to brief himself/ The Vefe«nee 

^tterVneotfi,CalHPh0t0ugraP?8, ^ the radar ^P *" h<>* pUn-position and the 
Ssv to fin^tt'V "l0^ CUea are con8-e"t-    Thi. makes it relatively 
kZL^iSZ X   lgf <?* *f radar "^P «iven ^t it8 relation to landmarks is 
known from the briefing photograph.    With the forward looking EO sensor 

worfd?« /on^r "KJ1*^ * Per8peCtive ^^ormation of the Iro^Te ' 
world is considerably foreshortened, and there is no direct congruence^ 
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TABLE 22.    ANALYSIS OF VARIANCE SUMMARY:   TARGET 
SIZE AT RECOGNITION 

Source nf 
Variation 

1 Spatial 
Quantization 

2 Grey Shade 
Quantization 

3 Tararets 

1 x 2 

1 x 3 

Z x i 

1x2x3 

RppTiratjnns 

Totals 

Degrees 
Freedom 

1 

2 

5 

10 

10 

3j6 

71 

Sum 
Squares 

0.6463 

0.5985 

1.2009 

0.0295 

0.7811 

0.5030 

0.5050 

1.263^ 

5.5281 

Mean 
Square 

0.6463 

0.2992 

0.2401 

0.0147 

0.1562 

0.0503 

0.0505 

0.0350 

F-Ratio 

18.42 

8.53 

6.84 

0.42 

4.45 

1.43 

1.44 

Change 
Probability 

0.001 

0.001 

0.001 

0.01 

ETA 

U.69 

10.83 

21.72 

0.53 

14.13 

9.10 

9.14 

22.85 

TABLE 23.    ANALYSIS OF VARIANCE SUMMARY: DEFINITION 
AT RECOGNITION   (U) 

Source of Variation 

1 Spatial Quantization 

2 Grey Shade Quantization 

3 Targets 

1 x 2 

1 x 3 

2x3 

1x2x3 

Replications 

Totals 

DF 

1 

2 

5 

2 

5 

10 

10 

36 

71 

5S 

1708.8 

1413.2 

2355.5 

39.6 

1342.2 

1563.9 

1568.8 

2583.8 

12576.1 

92 

MS 

1708.8 

706.6 

471. 1 

19.8 

268.4 

156.3 

156.8 

71.7 

23.81 

9.85 

6.56 

0.28 

3.74 

2.18 

2. 19 

0.001 

0.001 

0.001 

0.01 

0.05 

0.05 

ETA 

13.59 

11.24 

18, 73 

0.31 

10.67 

12.44 

12.47 

20.55 

9» 



TABLK24.    RELATIVE PERFORMANCE USING SIZE CRITERION 

Intensity Quantization 

Spatial Quantization 

3 bits (8 shades) 

4 bits (16 shades) 

5 bits (32 shades) 

34 Pixels Per Inch 

47% 

66% 

68% 

71 Pixels Per Inch 

68% 

90% 

100% 

TABLE 25.    RELATIVE PERFORMANCE USING DEFINITION CRITERION 

Intensity Quantization 

3 bits (8 shades) 

4 bits (16 shades) 

5 bits (32 shades) 

Spatial Quantization 

34 Pixels Per Inch 

67% 

95% 

100% 

71 Pixels Per Inch 

47% 

o2% 

69% 

bt^Writhe forward-looking sensor image and the vertical photoeranh on 
which the operator was briefed.    The system therefore is more se^tive to 

tllV^ZlT* ***** infor™ti— *" ^ count and tL^ey 

A*~     Performance is even more sensitive to quantization cranularitv when 

tSiSSSZ*^ thTtfr t " ^^ by- it8 8ilhOUette and «-an mXaSon aiiier noes within the target.    Recognition performance of small electro 
3Sfi TBOr,*r8?t6 «1 a function of the number of quantizSTgrey level's takes a 8harp dlp    hen the gr      levela bei q T!"^™8 

performance as a function of grey levels is portrayed in Figure 37 

%ced   ifr«'ctiL^M^^u" the 8ize and SCale factor of *• display i« .ixed, it is clear that the higher resolution display (71 pixels ner inchl vLirt« 
better performance; recognition occurred whenthVtarg^wL r^inlh\n 
«on  f0TM     ^ r^e1Uti0n " comPared to 0.63 inch size Tor the lowresolu- 
Mgh- re^uSdU^y! * ^ ^ ^ '^^ * ^^ ^ ^ 
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Figure 37.    Relative recognition performance 
as a function of gray scale quantization. 

If on the other hand, there are no constraints on the display size, 
better performance will be obtained with the coarse resolution display (34 
pixels per inch).    The data show that 22 pixels across the target are required 
when the coarse resolution is used, but 31 pixels are required for the high 
resolution display.    In these circumstances, the target will be recognized 
at longer range with the coarse resolution display. 

The most convenient hypothesis to account for these paradoxical data 
is one that involves both the MSF of the eye and the cognitive demand, i.e., 
the amount of information needed to reach a conclusion about the object being 
viewed.    With the high resolution display viewed in the experimental condi- 
tions described, each pixel subtended 2 arc minutes and with the coarse 
resolution 4 arc minutes.    This corresponds to 15 and 8 cycles per degree 
respectively.   Examination of the psychophysical MSF data show that the 
modulation required for a 15 cycle (30 pixel) image is considerably greater 
than that for the 8 cycle (16 pixel) image.    This implies that the small 
modulations between individual pixels can be more easily discriminated 
visually when the pixel size conforms to the spatial frequency where the 
luminance threshold is loweat, i.e.,  16 pixels per degree.    The coarse 
resolution display satisfies that visual condition, and lLa limit to recognition 
performance is therefore contingent on the amount of information provided 
the operator.   In these experiments, the recognition task of the operator 
required about 22 pixels (10 line pairs) across the major axis cf the target. 
Targets were not recognized with the high resolution display (30 pixel/ 
degree) when the same number of pixels were laid acroHa the target.    This 
is probably because a spatial frequency of 30 pb^els per degree requires 
more modulation for discrimination than does 15 pixels, and *he required 
modulation did not exist in the target imases. 
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These preliminary results suggest a constant product rule first 
proposed by Erickson (Ref.   7) that within limits, may be used in dl.flHy 
design tradeoffs.     This rule says that equivalent performance will be achieved 
when the product of target size and definition is constant.     Target si^c is 
expressed in m.nutes of arc subtended at the observer's eyP and definition 
** the number ui pixels per target major axis.    For HM rase in hand    the 
cons ant pruauct for high probability of recognition and at least 32 er— -h-H*« 
equals    430.    Using the data from this pilot ftudy and some ^roiu'rv"^      '        & 

Si^^L™ P       A   Vari°US Prnbabilifci^ °{ recognition as a function of 
.tr^^      /     ' if        S Ptr targe,'  an,i 8ray scale quantization haä been con- 
strue ed and is shown in Figure 38.    The circles mdirate *«t. nolltl ^ ft! 
dotted lines extrapolations.     These curves should be considered aTwcTrTinB" 
hypotheses that require further empirical confirmation. g 

2. 3. 3   Summary 

The results of the analyses and experiments related to operator 
requirements can be summarized in tabular form to provide boundary values 
of design characteristics based on operator performance (See Table L?   The 
preceding text explains more fully the variations in performance that 
F^nTSf117 de81«" cha"*e* ^ supplies the rationale for the tabulated values 

inch^R r.^ r        'J5 ! dl8play raoU;r den8ity o£ Woximately 100 lines^er 
nch      TheCRT^h     1

WUn " maximilm quantized'di.play denLv of 100 pTxels/ 
r.^'    n     .  ^     should use a green phosphor and be refreshed it a 60 Hz 
rate.    Digi al radar video should be displayed with a 3 bit intensity quantization 
and at least 4 bits I,  required for digitized Electro-Ootical SensoJT 
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3.0   DESIGN PERFORMANCE CRITEPIA 

3,1   MaJor Design Parameters and Summary of System Requirements 

The sensor   characteristics and human operator requirements have 
been discussed in the preceding section.    The purpose of this seTtlon is to 
define the parameters wMch must be specified in the design of the modular 
mulUsensor display system and to derive quantitative evafuation cr^eria to 
measure the system performance as a function of these parameters      Emoh. 
do'not d^/n^r " PlaCed 0n e8tablishing design parameter values* wh"h 
do not degrade the sensor capability.    Where necessary, the pracUcaT limi- 
Ire u^ed^m^if7 Si 0r>e-tor characteristics or insl^tionU^LT 
are used to modify the specified parameter values.   A summary of the ma,or 

grverin'TaT'zT ^ Criteria ^ 8eleCting —hanization'vles iT J 

The main elements of a digital scan converter display system are 
shown in Figure 39.    The key design parameters which mustVe^peTif"? 
for each element are listed below each functional block.   A specific dsoUv 
the nth.       T> i8f^

ded on one end by the sensor cha^cterfstics and o^ 
the other end by the operator characteristics and mission performance 
requirements or task requirements, i.e., detect airborne targetTor recoB 
mze a specific type of ground vehicle.    The operator characteHstics and th^ 
Sfd,r.eq,Uireme,r haVe the maj0r influen<=e on the design requirements for 
the display,  such as size, resolution, brightness and contrast.    The resolu- 
tion requirement at the display determines the resolution requirements for 

m^nts d^rm-re^h^" mem0ry' While the bri«ht— and^ontra't require- ments determine the dynamic range, gamma, and image enhancement 
requirements in the input and output processing. nnancement 

Ä , ..The f°llowing paragraphs provide a detailed discussion of the desMm 
evaluation criteria which can be used to determine the requirements for t'£ 
display system mechanization or to evaluate the performance oTa oarUcuUr 

ca^rre^lMna "vT*    ^ F*££S1 0f thi8 ^ criterulhoSw^n most cases result in a system design that does not degrade the sensor performance 
£ir2&.ttf! i8 0ne "^ of de8i8n' which l« difficult to ^pecifyquant^" 
tively with the current data available, and this is the area of the vid^ inten- 
s   y transfer function     The selection of the optimum number of quantiza^on 
lo/arithm;.  'l       l :  *  e  ^P6  of *•  tran«^r  function,   linear, 
trfst en^nceme;.08^ SOme 0ther non-iiR^r f^tion; the ejects of con- 
miS^^L^^T^f1 and the aCtual 0Pcrator Performance sensitivity to these functions is not completely understood at this time    Some 
UzltZ w^ ^ °n^er!t0r Performa»" as a function of grly shaTe quan 
ments    W.H1^1^611 in the Precedin8 «^tion on human operator require! 
ments    but this data represents only a limited sample and cannot be Eener 

Ä^-^ÄtÄTSSl-    ^"^^^ «"^ ^uld be ap^/tT' 

mechanization parameters for each sensor system iiSSSuiaV'SSTtt. 
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onal elements of the digital scan converter 
display system. 

Figure 39.    Major functi 

3.2   Analog to Digital Conversion 

car •MÄ^rss2r.2Ä2; ^ssr^ oitwo ««*••■•* - *<>*. 
Figure 40      The boxcar i^ *       he8e are 8hown schematically in 
pulses of dl^S^^ AAS-SS?^   ^/"f 1O« si^l to a trafn of 
pulse amplituderto^ set of dU^rete lever Athe C

f
0n^nU0U8 ran8e of 

jTg. act o^uanti^Ä^^^^^^^ 

vcrter. ^^Sl^SnEily! digit.al T?1*Y 8y8tem i8 the A/D <=<">- 
response of ^ SSTSll^SS^ftÄ determine8 ** moduUtion 
sufficient memory cawcT a^d r/HTV 8   ^ memory and dispUy have 
samples taken byÄ/D? ta th?s ^ct'on   the'^ ^ ^^^ ^ Cf the 

tization on system MTF    dvnamicrlnd    * ^he effect of sampling and quan- 
discussed. * dynamic range. and signal-to-noise ratio are 

3. 2. 1    Sampling Rate 

frequencfeToMnti^t^rtheTe8»:'0"1'/0?^6^ -P'^uce the highest 
introducing a m^mum SSLXT* Ä^lSj^ ^^ ^^ While 

first establinhed for the sensorTn term» n,
lghe8t freq"ency of interest" is 

quency represents the reso^uHon li^T r ^ 8en80r P*«"1^«".    This fre- 
a point where increasing the frJ^. 1 ^f 8,en80r (fo) and i8 defined at 
mation.    The .^ Ä^ 2r22üiÄ 1^ttl« meaningful sensor infor- 
fp, and the IWrti^U crtSÄ^ W^Ä***^ ^^^^ed at 
the bandlimiting spatial frequencvfT/i^lH!* ^ .8amPle8 P" cycle at of samples.       8   P     ai "«quency f0 is applied to derive the required number 
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Figure 40,    A/D converter. 

The Modulation Transfer Function (MTF) of a sampled data system is 
a function of both the number of samples taken per cycle of input video and 
the phase relationship of the sampling pulse and the input video.    A func- 
tional block diagram of the sampling process is shown in Figure 41.    The 
average modulation over all pha.e angles can be computed analytically and 
is the magnitude of the Fourier transform of the rectangular pulse response 

sin ITx 
TTX of the boxcar sampler or the function: 

input frequency (N) to sampling frequency (M). 

where x is the ratio of 

SINEWAVE INPUT 
N CYCLES 

BOXCAR OUTPUT 
MSAMPLES TOTAL 

Figure 41.    Sampling system. 

The maximum and minimum modulation for a specific phase relation- 
ship can also be calculated.    These three functions; maximum modulation, 
average modulation, and minimum modulation; are plotted in Figure 42. 

Nyquist sampling is represented by N/M « l/2, at which point the 
average modulation is 2/ir « 65 percent. There is also a maximum variation 
of modulation with phase, since the minimum modulation is 0 percent and the 
maximum modulation is 100 percent. Input frequencies such that N/M > 1, 2 
are subject to aliasing, which means that although the output modulation may 
be greater than zero, it will be at a lower frequency than the input, resulting 
in distortion of information. 
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Figure 42.    A/D converter MTF. 

The singular behavior of the maximum phase curve as N/M — 0 is 
explained as follows.    For M/N  ■   2K, where K is any positive integer, 
i.e. , for an even number of samples per cycle» there exists a phase for 
which one sample is taken just at the peak of the sinusoid, and another 
sample is taken just at the minimum, eiving 100 percent modulation for 
that phase.    On the other hand, for M/N odd, if one sample is taken at the 
peak of the sinusoid, then the following minimum is symmetrically straddled 
by a pair of samples,  so the modulation is less than 100 percent.   A simi- 
lar discussion applies to the minimum phase curve, where there always 
exists a phase for which two samples are zero if M/N is even, and only one 
sample can oe zero if M/N is odd.    As the number of samples taken per 
cycle becomes large, i.e., as N/M — 0, the effect of one or two individual 
samples becomes unimportant, so the singularities decrease in amplitude, 
and all the curves converge to jsin ITX/WX|. 

These results can be applied to the computation of display system 
sinewave MTF's.    The magnitude portion of the MTF of a system which is 
a cascade of several components is the pointwise product of the magnitudes 
of the MTF's of each of the components in the pystem.    Thus, the display 
system MTF is multiplied by the sensor MTF to determine the overall 
system MTF.    The display system MTF is the product of the sampler MTF, 
the processor MTF, and the display MTF.    Since the digital memory is 
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discrete in nature beyond the sampler,  the memory MTF, M(t) ■  1  for all 
frequencies f passed through the sampler.    In other words, there are no 
further MTF losses beyond the sampler due to the memory in a display 
system, if sufficient memory elements are provided to store and display 
all the samples taken.    It is also assumed the D/A has a much wider band- 
width than the rest of the system. 

A complete display system MTF' is the combination of the cascaded 
A/D converter and display.    The MTF in Figure 42 can be converted to a 
more standard form as, follows.    Each cycle represents a line pair.    There 
are n resolution bins in a line, say,  for a k-inch display.    Then at the 
Nyquist frequency. 

1   Input cycles 1 line pair 
T      Sample Input cycle 

n samples 
in. 

n  line pairs 
Zlc        in. 

For example, assume 768-re8olution element samples across a 
10-inch rectangular display, so n/2k       38.4 TV lines per inch is the point 
on the digital sampling MTF curve corresponding to the 65% MTF response. 
Assume a gaussian display spot with a 0. 010 inch two sigma (2(r) spot width. 

The MTF response for a gaussian spot is of the form e 2(iT(rf)' so for 
f =   38.4 TV lines per inch, the CRT MTF response is 47%.    Combination 
of the two MTFs by multiplication is shown in Figure 43, which represents 
the display system modulation transfer characteristic. 
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Figure 43.    DSC/display system sine 
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Rflk*l 

R« (N RANGE BINS) 

Figure 45.    Ground range sweep correction geometry. 

S     cAtK 
Since ARK > —— where C is the speed of light, 

then 

K 
1 

5tE 
2ARg 

T 
miles and }ys p,l*ted!OT ARl= &for variou8 vaiue8 °f"»for Rg 

a R    =100 miles in Figures 46 and 47. 10 

E-Q Line Scan Sampling 

A similar problem to that of the ground range sweep correction 
arises with a down looking electro-optical sensor.    The problem Uo 
derive a video sampling frequency which will provide a dUpUvTor a down 

FTgkurneg4E80 'TLTO^ ^^ ^^ "^ ^J^uL^tT' Lf«   V     ■ The
r

EO ««nsor scans at a constant angular rate M directlv 

/ 
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TIME, MSEC 

Figure 46.     10-mile ground range sampling requirement. 

The sampling frequency needed to obtain equally spaced samples in 
the x direction is given by; 

hoo   .   cos   6 
Ax       cos   4* 

where 

Ax is the resolution increment chosen in the x-direction 

(j is the angular scan rate of the sensor 

h is the height of the aircraft 

116 

■ 
' ' ■« 



420 r 

MAXIMUM FREQUENCY Al f . h 
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Figure 48.    Geometry of 
downward looking line 

■can sensor. 
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♦  is the initial angle of the sweep 

Ö  is angle of the sweep at any time. 

Figure 49.    EOLS sampling frequency. 
3'2'2   A/D Converter Dynamic Ran^e 

|«pui voitage, then if Vmin is the minimum voltage quantization and v 
is the maximum voltage quantized Mu*niizarion and vmax 

V -  ?nv VMAX  "   *  VMIN » 

Äon8 the nUmber 0f A/D bit8-    The d^mic -n p of the video is by 

K  ■   20 log max       ,- 
10 V    .      '  20 n lo8io2 ■  6.02 n (db) 

min 
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Figure 50.    Sampled signal spectrum,   short hold pulse 
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Figure 51.    Sampled signal spectrum,  long hold pulse. 

is significantly distorted from that of X8{f)f particularly at the higher fre- 
quencies.    This means that edge and detail information can be attenuated 
appreciably in the reconstructed signal X(t). 

This latter is the normal situation in a digital scan converter where 
the output video to the CRT is "box car" video (i.e. the video pulse width 
is equal to the sample spacing).    This should not be confused with the 
sampling aperture time at the input to the A/D converter which should be 
kept as short as possible. 

The noise power introduced by the sample and hold process is 

•. ■ r X(f) X^(f) 

-w. 

df, 
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where X(f) is the spectrum of the input signal and X^f) is the spectrum of 
the signal at the output of the So-.car sampler. 

Since 

X"(f)       X  (f)   H(f) 

where 

""'     iii71T-)      • 

and 

Xs(f)   -   X(f) for I f I < u)( 

then. 

p8 - /      x(f) . HILHil) 2 df.   f   8| df / |X(f) 

-u> 

1    - H(f) 
df 

The noise introduced by sampling is seen to be a function of the 
input signal frequency spectrum and the sample pulse width, assuming the 
Nyquist dampling criteria is satisfied     The noise power is plotted as a 
fraction of the input signal power. Si*, in Figure 52 as a function of the 
relative sampling frequency, U)S/CJ where UJS   ■   1/TS and to  ■ l/r.    The 
signal is assumed to be a rectangular pulse of width T. 

As seen in Figure 52, one sample per input pulse width introduces 
sampling noise equal to 2 percent of the input signal power. Two samples 
per pulse reduces the sampling noise to 0. 5 percent of the input signal power. 

3.2.4   Quantization Noise 

Assume an n-bit quantizer in the A/D converter.    Then the input 
signal, Sn^x, will be broken into 2n discrete amplitude levels.    Assume 
further that the input pulse train has amplitudes which are equally likely over 
the range of the converter.   Since the uniform distribution represents a 
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Figure 52.    Ratio of sampling noise power to 
signal power, rectangular pulse. 

worst case situation, analysis with realistic input amplitude distributions 
should yield larger SNRs.    The quantization errors q are uniformly dis- 
tributed, and their variance, is 

a2  = r^s  2 
12      max 

The noise power due to quantization, assuming a stationary noise process 
and a nearest level quantizer with a mean noise level equal to zero is 
therefore 

Q q 
2^s    2 

12     max 
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Figure 53.    Effect of digitizati 

INPUT SN«, db 

on on system signal-to-noise ratio. 

FEEDBACK 
CONSTANT 

P 

DIGITAL (N BITS) 

VIDEO 
FROM A/D 

J 
OIGrTAL 

ADDER 

(N ♦ K »ITS) SERIAL DELAY 
LINE (SHIFT 

»EG) MEMORY (N ♦ K BITS) 

Figure 54.    Digital video integrator. 
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When the accumuUted sum is transferred to the main memorv it 
s necessary to truncate it to the number of bits stored.    This truncation 

logic can be achieved by simply transferring the most significant bits or bv 
proving a special logarithmic truncation function.    Besides the truncation 
technique, two other integrator parameters significantly affect the tntegrator 
performance.    These are the number of bits carried in the integrator and   he 
feedback constant.    The number of bits carried directly affecs the dynamic 
range of the mtegrator and the feedback constant related to the e^fecUve Hme 
constant of the mtegrator.    By proper selection of these parameters    the 

tTSl WdT0      e a SignifiCant inCreaSe ^ ^ ^^Lto-noisYVatto. 

3« 3« 1    Integrator Feedback Constant 

In radar systems the integrator input consists of a pulse train amnli 

Intr.      ^V^ the ^^^ enVelope Pattern-    Assume that the radar   P 

antenna scans X degrees in T seconds, where l/T  . PRF,  so X   .   u,^ where 
M      antenna scan rate in degrees per second.    Assuming a Gaussian ant^nnl 
pattern, the response to nonfading unscintillating unit ampliTude poTnt Urget 

--{nx)2/2cr2       . 
L.—« J Tf n 1S the numbcr of samples (range sweeps) since the 
TldtJ?STn^: iS the 8tandard deviation of the antenna beam in degrees 
the b!^0       .    ^ 5ea

u
mwidth W   T .   2. 35a.    Then nx is the angle between     ' 

seufng a      ^ POint tar8et-    This exPres-on I« normflized by 

I 

♦   -    -= 2C_ 

VT 
Z. 35 coT 

A/Tr 

so thai i-lmf/tJ .  i-r(»#3 

The number of PRF's occurring in a 3 db beamwidth can be expressed as 

M 
wT 

so that 

♦ 2.35 

vr M 
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Figure 55.   Maximum value of 
f.  (q , 6   ) as a function of q. 

i   ^      n * 

It is most convenient to mechanize p,  digitally in the form of 

Therefore, ß assumes discrete values,  l/2,  3/4,  7/8,  15/16, 

etc.    A plot of the SNR improvement factor in db as a function of M (the 
number of samples in a 3 db beamwidth),  for various values of ß is shown 
in Figure 55.    The following example illustrates the use of this figure. 

A specific radar has two prf's:    330 and 1060 Hz.    With an antenna 
scan rate of 120 degrees per second and a 3 db antenna beamwidth of 
2. 8 degrees, the number of pulses in one 3 db beamwidth is « 8 at 330 prf 
and * 25 at 1060 prf.    Using Figure 56,   for M      8, the optimum feedback 
constant is  ß      7/8 and the SNR improvement factor is 6.8 db.    For 
M   - 25, the optimum feedback constant is  ß -   31/32 and the SNR improvement 
factor is 11.8 db.    However, if a single feedback constant of ß      15/16 were 
used for both prf's, then the resultant SNR improvement factors would be 
6. 5 db at 330 prf and 11. 7 db at 1060 prf or a difference of only -0. 3 and 
-0. 1 db respectively from the optimum.    Thus, a single feedback constant 
of 15/16 is adequate for this specific radar application. 

The range of values of M for a fixed value of ß which provides a 
SNR improvement factor within 0. 5 db of the optimum is given in Table 30. 

3. 3. 2   Accumulator Bits 

To prevent saturation of the integrator,  sufficient bits to encompass 
the accumulated integrator sum must be provided.     : he total bits required 
are N + K where N is the initial digital video bits from the A/D converter 
and K is the additional bits required in the integrator to handle the total 
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M, NUMBER OF PRF'S IN 3 db ANTENNA BEAMWIDTH 

Figure 56.    SNR improvement with integrati 

<0        60     80 100 

on. 

T^^30-    RANGE OF VALUES OF M 
WHICH MAINTAIN SNR IMPROVE- 

MENT FACTOR WITHIN 0. 5 db 
OF OPTIMUM 

M 

1/2 

3/4 

7/8 

15/16 

31/32 

1 - 3 

2-7.5 

3 - 16 

7. 5 - 30 

16-80 
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K  ■   log 

2 1 

or 

,K 

For example,  if p .   15/16 then l/l-ß .   16 and K       4     If A« 
initial input bits from the A/D were N       4 bits    then the to J* u . 
bits in the adder and integrator memory must be N       K   ^T.l. 
3» 3. 3   Range Bin Collapsing 

The sampling rate analysis provided in section ^   ?   i «„^ J   J 
a minimum sampline rate of fJi^^ fV.- v,    u    " ■•cn00 }'Z' » recommended 
inter^Bt i« fkl    pill:g rfte 0   twice the Highest frequency component of 
crkerfa   Ld    /nP      SS*1 8ignal-    When tended to the radar case     his 

Pulse Averaging 
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sample will contain the signal plus noise while the other samples contain 
noise only.    When a target is present, the storage cell representing the 
range interval surrounding the target will contain the addition of the signal 
plus noise sample to p-1 noise samples.    Averaging will increase the noise 
to p times the input noise.    Therefore, the effective output signal-to-noise 
ratio xs 1/p times the input signal-to-noise ratio.    This is equivalent to a 
decibel loss in the signal-to-noise ratio of 20 log (p).    This loss is plotted 
in Figure 57 as a function of the collapsing ratio p. 

I 

\ 

8   i \ 

\ 

0       ■ 
V 

o 

\ 

\ 

1 1 N 
7 4 

COUAfSINI, HATIO. p 

Figure 57.    Loss in signal/ 
noise ratio using averaging 

technique for range 
collapsing. 

Peak Detection before Integration 

/r™8 peak d«*««*0* examines each of p consecutive range bins from 
the A/D converter, selects the one of Urgest magnitude, and sends this 
value to the digital integrator.    The collapsing loss is 

db loss   ■   10 log P 

where P8 is the probability of correct selection of the cell containing the 
signal plus noise or in other words, Ps is the probability that the signal 
plus noise exceeds the noise in the adjacent cells examined by the peik 
detector. 
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is 

where P^ is the probability of incorrect selection.    It can be shown that 

^OVJT^:\^: ^ COllaPSin8 rati0     and ^ inpUt ^-I-to-noise 

IS 

CO 

/ 
x e .x

2/2 (VFTx)    I   -   (l   -e-2/2) 
p-1 

dx 

Ts^^VJ8 th? inpUtcSignal"t0"n0ise ratio-    Thc db loss due to peak detectine SÄi «SET;.
51
 
as a function of input signai to noi8e ratro ^:"^ 

results ?ni:!iS?faren*,fr?m the, CUrve8 in F,8ure 58 that the Peak detector results in significantly lower losses than the averaKing method for si^ls 
whose signal-to^-noise ratio is greater than 0 db.    The pTak detector per 
formance is equal to the averaging method for an input SNR of 0 db and the 

Ivt^lT^nTtt POOrer ^^ ^ aVeraKing me'h0d ^ tar^etsw^ 

Peak Detection after Integration 

be integrated up to  a SNR above 0 db and then oeak detected  " rüZ T "" ' 
- the optimum from the 8tandpoint of maxim.^rng *»" NR but r^uirS a" 

range bin collapsing network for two targets is given to T«bU31     Twl 
example assumes a colUpsinc ratio  P      1 anr? a« üfL      \ factor of 12 db. "»P81^ ""o  P      ] and an integrator improvement 

."nea,ter^gra«ön.8,gn,f'C"t """—'■-' » SNR employing peak det.c- 

3. 3. 4   Dynamic Range Compression 

From the discussion of the -ideo integrator    it is soon fW M» 
dynamfc range of the digiul video integrator^uVma" "^^Lgher than 
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o 

SIGNAL-TO-NOISE RATIO, db 

Figure 58.    Loss in signal to noise ratio after 
peak detecting a sampled envelope of a 

sinusoidal signal plus narrow band 
gaussian noise. 

that of the raw radar video at the input.   However, it is not necessary to dis- 
play a dynamic range much larger than that of the original video input for 
the following reasons:   (1) The integrator's main purpose is to increase 
SViSS?   8tren8th of low SNR targets to detectable levels; any increase in 
high SNR target amplitudes is not necessary since further SNR improvement 
yields little improvement in detection performance.    (2) The human eye is 
not capable of resolving more than about 16 shades of gray under the best 
of operational circumstances, which corresponds to a 48 db dynamic range 
(3) Display devices typically are not capable of rendering even 16 shades of 
gray, but generally are limited to about 8-10, corresponding to a dynamic 
range of 24-30 db. 1-07 
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«p» •~r 

s 
nge 

Rrator output so that the truncated dynamo  ^ t0 truncate *• video inte- 
greater than the smallest of the three W^ ^T 18 n0t sign^antly 
he sensor output, the observer Hmtt    lZt% SS?- ™nti<>™*> namely, 

the DSC memory size is minimized^r V^       Splay limit-    ^ th^ way. 
shade rendition/  Since th^ treated ^C SS? * limiting factor in W 
less than the full video integraTo. dynamfc rfn^"1^ ran8e is in «eneral 

errors on the display,  it is necessarv f™ ge* t0 Prevent intensity 
the maximum disjuy^d dyn^Tc^ZJdtnl^ inte«rator output above 
shadeUvel is set to the Z^^^:^ ^fc^Xo^ 

here, ÄrtSt^^Ä "ifßS T^ tr-cat-n are con.dered 
dynamic range is dfvidedTnto a^T      '^^^ «»• ^sired output 
thresholds equally SB^ fa vSlSg^ fT^ ^f1- ^ gray sha^ 
represent ^'liyen dynamic ran.e DR iJXZ!*1***. 0f bits re<J^red to 
L   - log210D&/20.    A8 S^SSJ f«^ ^ •««% spaced intervals i 
is elected to mate, that of the sma 11^t £, >      ^ **** *f***** rar 
sensor itself), a„d its lower 1^^    ?'    ng  faCt0r ^or^ally the 
from integrating the lo^tinZ^^T^^ TPüt level r"ulti^ 
successive range sweeps. whTre MT, fV» u0m the sensor on M 

co^ .ponding to ^onsta^t ^^is^^^^—^ , 

EoP     0   -  PM)/(1   -ß).    Thus the output dynamic range should 
have .ts lower limit at the value (1   . ßM)/n       flv       .4U   ,. 
equally spaced intervals above tL jJü J^^^tlt " 
ß is small and/or M is large   we hav M       •*«/« 
so that in this case, th^ lower Umit of ^   " t   /{\ ' ^ * l/<>   ' P) '   2k. 
by ignoring the k le'ast .^^t^^^K dynamiC range is found 

The only difference for log-aHthLic L •"   ^ intcgrator ^tput. 
shade thresholds are set at       thmiC truncation is that successive gray 

volUges whose ratio is   \rr* \  414     1%^ 

'.... vr.tep, .„lntensltyi „L . log2 ^og2loDR/2oj_ ThU8a given' 
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onooseH t
r
n

ePre8ent
f 
a Wlder dy^^c range v-ith logarithmic truncation as 

^PoPO   H r       uT trun
u
cati0n-    Logarith^i- truncation is of course somewhat 

more chfhcult to mechanize than linear truncation,  but the potentfal 
%S?7£l savings for Urge dynamic range requirements (>U db) 
make It the preferred technique in such situations.    Table 32 shows the 
rInH^1C Tf* T*^ ******** -ith various numbers of grayXde 
rend.t^n bxts usmg both the linear and logarithmic truncation techniques 

TABLE 32.    DIGITAL VIDEO DYNAMIC RANGE 

Number of Bits Dynamic Range, db 

Linear 

1 

2 

3 

4 

5 

n 

Logarithmic 

1 

2 

3 

4 

5 

n 

6 

12 

18 

24 

30 

6n 

6 

12 

24 

48 

96 

6x2(n-^ 
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3.4   Imaye Processing 

3.4.1    Intr omiction 

Imag« processing can be generally defined as any operation deliberately 
performed on a video signal with the  intent of improving its overall quality. 
Table   13 presents several techniques that  could be used for modifying the video 
in an imaging system,  br iefly describes their operation and effect,   their rela- 
tive complexity and anticipated advantages,   and presents conclusirns  regarding 
their applicability to video sensors commonly employed in airborne applicatioas 
such as radar,   1R,   or  TV,     Techniques such as image motion compensation 
and geometric correction fall in the general category of spatial distortion 
reduction.     Techniques such as inverse filteiing,   Wiener filtering,   and recur- 

sive estimation are concerned with restoration of high spatial frequency 
information and  improvement of the video signal to noise ratio.     Finally,   pro- 
cessing such as contrast enhancement,  histograir equalizUion,  and coefficient 
rooting is intended to bring out video information contained in an image as 
intensity modulation by operations  is designed to make optimum use of the avail- 
able video intensity dynamic range.    As may be noted from Table  33,   many 
of these processing techniques are rather complex from a hardware point of 
view,   requiring large memories,  possibly non-lirear operation,   and pro- 
bably could not be implemented in real time,  at least at present.     Our con- 
clusion is that histogram equalization is the technique which appears at present 
to yield the greatest benefits with the least cost in terms of mechanization 
complexity and the capability of real-time operation.    We shall first describe 
the concept of histogram equalization in greater detail,  and then present a 
description and discussion of a non-real-time computer simulation of histo- 
gram equalization performed in the laboratory. 

3.4.2    The Concept of Histogram Equalization 

The  intensity histogram of a full frame of a typical natural image that 
has been linearly quantized is usually highly skewed toward the darker levels 
as  m Figure 59.     The intensity histogram of a frame is a graphic plot of the 
number of picture elements at each int. nsity level.    In such images,  detail 
in the darker regions is often not perceptible.     One means of enhancing these 
types of images  is a technique called histogram equalization in which the 
original histogram is rescaled so that the histogram of the enhanced image is 
scaled to one-half the number of levels of the original image.    The scaling 
algorithm is developed as follows.     The average value cf the histogram levels 
is computed.    Then starting at the lowest grey level of the original,  the pixels 
in the quantization bands are combined until the sum is closest to the average. 
All of these pixels are then rescaled to the new first reconstruction level at the 
midpoint of the enhanced image forst quantization band.    The process is repeated 
for higher value grey levels.    If the number of reconstruction levels of the 
original image  is large,   it is possible to rescale the grey levels so   that the 
enhanced image histogram is almost constant.    It shou'd be noted that the number 
of reconstruction levels of the enhanced image must be less than the number of 
levels of the original image to provide the grey scale redistribution if all pixels 
in each quantization level are to be t reated similarly.    Thia results in a some- 
what larger quantization.    It is possible to perform the grey scale histogram 
equalization process with the same number of grey levels for the original and 
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ORIGINAL 
NUMBER 
OF 
PIXELS 

L_L A 11 \ \ i 

/    |    \   \   v \ 
\ 

PROCESSED 
NUMBER 
OF 
PIXELS 

/ I . . \ \ \ 
/ \        \ \ \ \ 

/ \ \ \ \ \ 
\ \        \ 

"♦     GREY LEVEL 

I | 
!       I 
I        \ 

\ 

\ 

\ 

\ 

bARK ■♦     GREY LEVEL 

LIGHT 

««». s,.   Orjjrtar*! hislogram t.quali7,alion vith 

numbpr, of quanllzseion levels. 

One of the disadvantages of full frar.,-, u- 
discussed above is that this proce  s tend8 ^ h       ^^T eCJuali2ation ^ 
localized intensity var iations^Uhn the frame      T^VT   ""f1^ *» 

>f o„e-dimensional band histoRran"eauan.aT u* l** *? the ^^^P^^t 
nation using a fractional frame at I timt    i        "'  WhlCh i8 histW*™ equali- 
of M per frame in CO^üi^clr^l^: '■ ""u"8 0nly N lines of a total 
tion with this method yfelded   he 0^^12171 hlilif[!fm<    ^P-rimenta- 
to local brightness «X«OM äL^ 2n^J^ " ™* "**** more "native 
ing better contrast over thVfull^ame/reL   w^f/h r810n'   thereby yield- irame area, while bringing out details which 
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lower  Until on the box •!««.   .nd tor |ftri«r din^ension.     fh    K     , , 
storage  requirement«  make this tecl.nmue lels anM.     thft 

bü0kk/eping and 

when ccnpared mlth some of the oth^r methods  nr.        ^        "   * flrSt W*™- 
ev.r     further exper .mentat.on ^SS bTj^^fl Jf ^ ZVZSÜ*'    ^' 
a final  judgement is made. these variations before 

?-4^    Laboratory Simulation of Histogram Equalizatinn 

L.e th/s:;;^ ^uiiiao^^:!;:-1^--^ ff^r**1 used tu simu~ 
!* n.ounted in the flying spot scanner IFSST'   TH*nV "Tu8," transPa^ncy 
FSS beam are controlled bv the dia.L position and blanking of the 

converters on the spe^M^tface8   ^MS^r^Th^ls^ ^"^ f "^ 
one pixel position to the next    and at eaVh « I eani lS »••WM ^om 
multiplier tube (PMT )    repTe'senHnJ T*      A    ?     ? OUtpUt 0f the F'S Photo- 
converter and s ored  in the comDu^r a^ 17 ^^ 0f ^ Pix'?l'   is A/D 

The entire original  in aEe and Z   in.        P!,     0f ^ 0ri8inal imagp array- 
cess.n. are stored ^Z ^^^^^^^V^' ^^ **' 
memory spaco within the computer itself     Thl ^ . T    t0 con8erve 
carried out the algorithms d^^^J^^^^^^ *™ 
two dimensional partial frame histogram equa   Nation     Thi       T ^ 0ne ^ 
involves finding the original imaa» hi.,      eHuaiization.     Ibis,  of course, 
thresholds    end   hen mod^fvinTT hlSt0grfm'   «-e^signing the gray level 

to the new   4«ü.ed^y^f^'SiS   ^f inten8ity P3""" Wording 
recorded on /ilm as foflows     The X anS Y n'    T   e TT 0f the comPu^ ^ 
Tektronix 536 scope i^ controlled L^h        POSltlon 0« *• electron beam of a 

cope is controlled by the computer through the D/A converters 

. IMAGE 
STORAGE 

15 
COMPUTER 

HISTOGRAM 
EQUALIZATION 
SIMULATION 

POLAROID 

Figurje 61.    Lab simulation block di agram. 
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A  sun.mary of the basic formats to be handled in the digital scan 
converter are shown in Table 34.    Also tabulated is the function of the digital 
scan converter for each of these formats; that is rate conversion (slow scan 
to fast scan) or format conversion (PPI to TV).    Obviously the freeze mode 
is provided for all formats.    Some of the unique characteristics of these 
various modes will now be discussed. 

3.5.1     Coordinate Conversion 

In the B-scan,  E-scan,  FLIR,  or TV modes,  there is no difference in 
image quality or display appearance for either a TV raster or linear display for- 
mat since both represent an orthogonal transformation or mapping of the sen- 
sor data to the display surface.    However,   in the PPI modes,  there is a major 
difference in the transformation of the data from the radar to the display sur- 
face as a function of whether a TV raster or PPI format is generated on the 
display.    Whether this results in a significant difference in image quality or 
display appearance depends on the radar resolution characteristics and the 
DSC spatial quantization.    The TV raster display presentation is characterized 
by constant Ax and Ay resolution elements,    where A^ is the display width 
divided by the number of horizontal samples and Ay is the display height 
divided by the number of television scan lines. 

The linear sweep PPI format provides constant range and angular 
resolution elements, AR and AQ ,  where AR is the range scale divided by the 
number of range samples and AQ is the azimuth scan width divided by the 
number of azimuth samples.    Radar resolution is defined in terms of the 
pulse width in range and the antenna beamwidth in angle and therefore corres- 
ponds to the linear sweep format resolution parameters.    The TV raster 
resolution parameters must,  therefore,  be converted to equivalent radar 
resolution elements in order to compare the performance of the two systems. 

Basic assumptions for the analysis were:  I) a   square display and 2) an 
arrcy ofmx n memory bins,  or elements,  on the display (x and y axes,   res- 
pectively).    For the sake of generality,  the display is considered to be a 
180 degrees offset sector plan position indicator (PPI) with 0. 0 degree azimuth 
coincident with the +X axis.    To obtain consistency of results,   it was assumed 
that the azimuth and range uncertaimties are centered about a bin,  since the 
address of an element anywhere within a bin will cause a response throughout 
the bin.   The resulting geometry is illustrated in Figure 65.    Quantization of 
range and azimuth angle is performed prior to the transformation.    Given an 
element at arbitrary range,   R,  (inches on display) and azimuth   6,  the display 
range and azimuth resolution is given by the following expressions: 

AR   =■ 

sec 6 
m 

CBC e 
n 

0595   eCRIT.- 

eCRIT.R   S    e    »   ^CRIT.11 

(4-1) 
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TABLE 34.    SUMMARY OF  BASIC DISPLAY 

SfNSO« MODf 

RAD A« 

m 

SIDfLOOKINC 

»-SCAN 

l-SCAN 

FUK 

DISCOID 
(TV «ASTf«) 

SCANNED 
MUIII- 
OETKTO« 
AMI AY 

üifVUlQN 

FORMA I 

1 
RANGE 

AZIMUTH 

_ 

RANGE 

RASTER 

FORMATS 

DSC FUNCTION 

TVMONirOR 

COORDINATE 
CONVERSION 

AND 
RATE CONVERSION 

COORDINATE 
CONVERSION 

AND 
RATE CONVERSION 

COORDINATE 
CONVERSION 

AND 
RATE CONVERSION 

UNEAR MONITOR 

RATE CONVERSION 
ONLY 

RATE CONVERSION 
ONIY 

RATE CONVERSION 
ONLY 

RATE CONVERSION 
ONLY 

REQUIRED FOR 
FREEZE ONIY 

REQUIRED FOR 
FREEZE AND 

COORDINATE 
CONVERSION 

REQUIRED FOR 
FREEZE ONLY 
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eCRIT>        arctan f 

^e 

2 arc tan 
2n -jT cos 6 

2 arc tan 
2m S sin 6 

e s e s e        AZ 
CR1T. 

(4-2) 

eCRIT>Az < e 5 Tr.eCRIT>Az 

eCRIT.AZ        I -  eCRIT.R        "ctan^- 

The azimuth resolution at 6 - 0 degrees as a function of the number of vertical 
samples,  n,   for various R/K ratios is plotted in Figure 66.    For example,  to 
p'-Dvide a resolution element of 3 degrees at a minimum of 10-percent range 
on the display requires approximately  192 samples or resolution elements 
across the display. 

The locus of equal-angle resolution elements is a rectangle about the 
vertex of the PPI format as shown in Figure 67.    By plotting the locus of points 
representing the Nyquist sampling resolution,  and computing the percentage of 
total display area that provides greater resolution than Myquist sampling, 
another performance criteria can be established to determine the number of 
samples required for a specific system.    This is plotted in Figure 68 as a 
function of the ratio of display horizontal samples m (assuming m = n) to the 
number of Nyquist samples in a scan width for various scan widths.    For 
example,   to maintain 90 percent of the display area in excess of the Nyquist 
resolution criteria for a sector scan of 120 degrees would require a minimum 
of twice as many display samples as Nyquist samples. 

The range and azimuth resolutions were also computed for a typical 
PPI display format with a 120-degree sector scan and a 256- by 256-re8olution 
element display.    The results are shown in Figures 69 and 70. 

3.6   Digital to Analog Conversion 

The digital video,  once stored in the memory,  does not vary and is a 
linear representation of the video received element by element from the sen- 
sor (assuming linear A/D conversion).    Since cathode ray tubes and the human 
visual system are more or less operationally limited to approximately II shades 
of gray,   it is impractical and inefficient to store more than 4 bits.   In fact, 
3 bits is sufficient for many cases and indeed even 2 bits may be sufficient 
for most detection purposes.    The important consideration is the rendition of 
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Figure 66.    Azimuth resolution versus 
number of vertical samples for 
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Figure 67,    Locus of equal-angle 
resolution elements. 
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1.2 

Figure 68.   Percent of display area that exceeds 
Nyquist azimuth resolution as a function of 

ratio of Nyquist samples to horizontal 
samples for various scan widths. 
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The network must be designed to provide an output brightness level 
mcrease of  1.4 for each successive brightness level.     For the optimum design, 
the actual (or predicted) transfer curve of the CRT must be considered      The 
desired brightness curve is  shown in Figure 72.    The transfer function of the 
digital network is: 

B   «  K(yfz)n  i  B 

where 

B = display brightness 

K ■ Mechanization constant 

n ■ Integral video levels (0,   i,   2. 

B ■ Minimum display brightness. 
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•n w.de usr now.   but the Modular MalHSrt:    The 525 line TV «-aster is 
jrovW. 875 line as WPU „ ^th to fo«?i2I ^v ^^ Sy8tem should ^> 
resoluten systems. 8 "  1023 llne TV capability for future high 

A   1:1  aspect ratio is quite tvniral ^>        J    , 
change m timing and control mechln^at on f *      !? Weapon sy8tems.  and a 
ratio TV format must be mad^o dill m that *****•< tor 3:4 aspect 
•node the DSC U requ.red^tore' he^de^^^dj^    In ^ ^^ fre^e" refresh- aesired video frame or field for display 

?. r^^^^^^'^^L'JtM^^ o„ly. as opp<,sed 
TV sensor with 20Ö square FOV iTm-Vu        f      considerations.    Imagine a 

000 ft/sec at an altitude of 1000 fV  Cn^h! VT*Iin8 ^ a -^it'y of 
f thairCraft' uthe 20    FOV c —s abou^BO feet on^"1"3 l00k8 d-n beneath 

If the raster has 525 lines,  of which 24^       <    ^    the ground  1000 ^et below 
o   about  18 mches on the ground b^ween succ"     are aCtive'  thi8 is a ^   -g 
The next field is scanned lb msec la^r     8U

f
C"sslve ^ster lines of a field 

-oved   16 msec x 1000 ft/8e
fa
c
m

=
S-   '' so ^ Lu^ ^ t™ the s—r has 

—' 6 ft        ml. o n.  eo the following field is displaced 
!8 ÜTTW        ' 1  -ster lines from where it should be.    Thus the int     ,       . 
video is displaced frnr« U e interlaced 

r«ot.tlo>,  although the full 525 liMr«'^™       ü^'v"? th<! co8t °f som<- *U a„y.ay „„,„ the condiliona XjZgtZ^X^XX^i. 

provd^uuT/a"; ?«J^%f?S^{?' a"d "Vnamic,  i. is „ece.8ai.y to 

MUtiM be provided in the MMSDS system.        r'!,:°mm«n<i'd that both capa- 

Table  35 elve«; f-h»  r«i 
systems.    To provide a fuU fr.T r^"1^"8 for the «tandard types of TV 

the DSC should^ave'rnum  i Tver^ 11^ "^ lo88 o'-stlutTon. 
active lines per frame as given   n TahTe 35   T !! ^ t0 the number of 
want to provide Isotropie resolu ion on fh    ^     . the horizontal direction,  we 

tal samples whould he^UoTlZ^r ottt?'   V   ^ ^^ of h°"*™- 
's  1:1.  and 1.33 times the number ofTcHv. f VVTe8'  if th<* a8P«t ratio 
Thus,  for a  1:1 aspect ratio TSZSILTTV ^'l -£* a8peCt rati° is 4:3. 
lin^      WifK ' We 8hould take 480 samples oer 
1-.    With an active line time of 56. 49    sec.   this is %49  =  0   i1768 

sample,  corresponding to a sampling rate of -^L  .  «jl MH        'u      "*' 

analogous figures for the other types of T"56'49   _   8'50 MHZ-    Th* types of Tv  systems are included in Table 35. 
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Most TV sensors have a video dynamic range between 30 and 35 Hh 
winch requires 5 or 6 bits of resolution in the DSC^nputT/D converter fnd 
4 bus per p.cel if a logarithnnc gray shade representation is used      Thus f 
DSC memory with full frame freeze capability for a 525 line 4 3 asoect raHo 
TV sensor would have 480 x 640 x 4        i   ??a  arm u/    r aspect ratio 
3 times as 1Ara« *TZu T b4U x 4 -   1,228,800 bits of memory, which is 
3 Umes as large as that required for the typical radar system, namely 392K 
bits, assuming a radar memory configuration of 512 x 256 x 3      uTs bevond 

uU "rr 1     18 ^^J t0 determine wheth- the importance of prlvfdingT 
full .rame freeze mode justifies the cost of the much larger memory     Ihould 

Lr h^h    f    .bVUSlifrble' there are tWO alternatives fa? compromise    eUher 

392K bit memory    resulting in full coverage of the FOV with reduced resolu 
tion and a reduced video dynamic range capability      Further sturfv fn fh f 

ndicatedl     £L Sf^1** COUld be di8Played * one time (with the example indicated)     Study .n this area is required to determine the ^haoe and 
possibly the placement of the sector of the x-OV to be displayed 

3.8.2    FUR 

wav,     0^,1 h        'T?"' ,he 8Can ■»«»•»«■ i» performed in one of two 
££'. ^ngle deu'c^r     Theei,LE

nDararay ", ''EDe' S? "«—»- by the video ,^♦1 ♦       n8le aetector.    The LED array is scanned in synchronism with the 

JÄxT^l&^Ä ^ a Cl08ed "^^ TV ""—•    ^rt^Lt 
v deo from the^R di^    V 0ther Way " t0 electronically multiplex the 
the write^ of tnllV ^ÜT '"^ 0ne Vide0 Si8nal-    Thi8 8i«nal modulates me write oeam of an analog scan converter     The writ«» h«.»™ «f ♦»,» ,«,i 

the'anar6^" " ^^^ ^ ^ With the -aterm^     R^*^ 
lean .on08 ^^ COnverter i8 thieved in a television format.7 Thus digUa" 

USZZZätfnot required to convert the FLIR SSS: but SÄ, a 

Hu^h««^^?^ FLIR i8 an advanced FUR system under development by 
Hughes that is fully compatible with standard 525 line TV     This type of FUR 
sensor requires no scan conversion, and the DSC would only be used to 

ofFUR     d freeZe m,0de-    The ^'""ents for the freezing of a frame or field 
til^l    V    e0 in a tele.vi8ion format follow the same criterif as those for a 
television sensor previously discussed.    The size of memory and frozen area 
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3-9   display Indicator Design Criteria 
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4. 0   MECHANIZATION TRADE STUDIES 

4- 1    Introduction and Summary 

Mechanization trade-offs were madp in fi„* ,     . 

-:■ t5 !ÄSÄ ÄÄÄSS^-^ 
mination of optimum .ymbol generatorconr0" ^"" "chi'«ture,  5) d.ter- 

TABLE 36.    TABLE STUDIES AND CONCLUSIONS 

Display Sweep Format 

•       Television raster format recommended 

Low deflection power 

Simple composite video interface 

Ease of retrofit into existing di.-play systems 

Simple television video recorder for recording 

Compatible with advanced flat panel displays 

Digital Scan Converter Architecture 

• Programmable controller recommended 

• Modular memory 

• Separate input video processor/buffer function 

• MUX data control bus 

• Separate high speed input address generator 

Memory Selection 

• MOS random access memory recommended 

• Low power (<   100 ^w/Bit) 

(Continued next page) 
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TABLE 37.    STROKE VERSUS RASTER DISPLAY COMPARISON 

Parameter 

IMAGE QUALITY 

SENSOR DATA 

Orthcgonal Formats 
(B-Scan,   TV,  FLIP) 

PPI Format 

SYMBOLOGY 

Grids, Scales 
Alphanumerics 

Circles and 
Vectors 
(Horizon line) 

Raster Stroke Hybrid 

NO DIFFERENCE BETWEEN APPROACHES 

Constant X and 
Y resolution 
element size, 
uniform display 
element spac- 
ing,  range and 
azimuth reso- 
lution varies as 
a function of 
position on 
display. 

Constant range Same as 
and azimuth Raster 
resolution 
element size, 
non-uriform 
display ele- 
ment spacing 
may result in 
spoking,  better 
azimuth reso- 
lution near tlte 
apex, better 
range resolu- 
tion at off bore- 
sight angles. 

NO DIFFERENCE BETWEEN APPROACHES 

Spatial 
modulation of 
lines due to 
discrete 
quantization 

Approximately 
50 to 100 per- 
cent wider 
symbol line 
widths 

Smooth 
continous 
lines 

Same as 
Stroke 

(Continued next page) 
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(Table 37,  concluded) 

I 

Parameter 

MECHANIZATION 
COMPLEXITY 

CIRCUIT 
COMPLEXITY 

(RELATIVE) 

Symbol Generator 

Deflection Amplifier 

Scan Converter 

DEFLECTION POWER 

Peak 

Average 

Heat Dissipation 

WEIGHT (Normalized) 

MODULARITY 

Interface 

Retrofit 

Raster 

GROWTH FEATURES 

Recording 

Flat Panel Display 
Compatibility 

CONCLUSION 

1.5 

1 

1 

40 W 

40 W 

No Problem 

1.0 

Single line 
composite 
video 

Can use 
existing TV 
niode in 
indicator 

Simple TV 
video recorder 

Simple 

Recommended 

167 

X,  Y,   Z 
interface 

May require 
modification 
to the 
indicator 

Requires 
complex 
recorder 

Complex 

Possible 
Problem 

1. 00 

X,  Y,  Z 
interface 

May require 
modification 
to the 
indicator 

Requires 
complex 
recorder 

Complex 

! 



The linear sweep PP1 format (arc scan or  radial sweep) provides 
constant range and angular resolution elements,   AR and  AG,  where AR  is the 
range scale divided by the number of range  samples and AS is the azimuth scan 
width divided by the number of azimuth samples.    Radar resolution is defined 
in terms of the pulse width in range and the antenna beamwidth in angle and 
therefore corresponds to the linear sweep format resolution parameters.     The 
TV  raster resolution parameters must,  therefore,  be converted to equivalent 
radar resolution elements in order  to compare the performance of the two 
systems.    A complete analysis of the  TV compatible  resolution is provided in 
Section 3.8. 

The results of this resolution analysis indicate the requirement for 
approximately twice as many resolution elements  in the TV compatible PPI 
display as in the  radial or arc scan PPI display to provide the same resolution 
quality.     However,   the  radial scan display exhibits severe "spoking" when 
limited to the minimum number of azimuth samples required,  and therefore, 
normally requires considerable more samples to maintain an acceptable 
display quality.     Thus,   the radial scan display normally will require as many 
resolution elements as tha TV compatible display. 

4. 2. 2   Symbol Image Quality 

The symbols to be displayed can be broken into two major types: 
straight line segments either parallel or orthogonal to the raster,  and conies 
and straight line segments at an angle to the  raster such as the horizon line. 
The first type of symbols are equally displayed by in-raster or stroke tech- 
niques.     Large conies and vectors however are of slightly higher quality 
when stroke generated.    The in-raster generated vectors contain some spatial 
modulation due to the line sampling.    This results in slightly wider symbol 
line widths,   since the symbols are normally written on both raster fields. 
Techniques of minimizing the spatial modulation such as field to field inter- 
polation and overlapping of adjacent lines provides good quality symbology. 

4.2.3   Mechanization Complexity 

Block diagrams of the alternate mechanization are shown in Figure 77. 
Key differences are apparent hi the PPI address generator,   sweep generation, 
symbol generation and display reflection circuitry.    The raster mechaniza- 
tion requires more complex input address generation and symbol generation 
and less complex output circuitry.     The stroke mechanization requires 
simpler input address and symbol generation and more complex sweep gener- 
ation and output circuitry.    The hybrid mechanization require both the more 
complex input addressing and output circuits.    One advantage in favor of the 
raster approach is the minimal use of anaU.g circuitry which results in 
fewer adjustments than are required in the stroke and hybrid system.    Due 
to the variation in writing speed on the linear (arc scan) display,  an analog 
function generator is required to insure equal brightness over the entire 
display in the  stroke alternate. 

The display required for the stroke and hybrid approach is more com- 
plex than the TV monitor type display.    High power linear deflection is 
required in lieu of the tuned deflection circuitry.    The basic advantage of 
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Figure 77.    Alternate mechanizations. 
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tuned deflection is derived from the fact that during retrace the deflection 
current through the yoke is recovered from a capacitor and not from the 
power supply directly.    The net result is that the average power supply cur- 
rent drain is reduced by a factor of two resulting in a four to one deflection 
power savings. 

Another mechanization factor is the relative efficiency in the amount 
of memory utilized and displayed to provide the PPI.    As can be seen in Fig- 
ure 78 assuming a square display format and a ±60 degrees PPI both 
approaches result in unused portion in the memory (in the PPI mode only). 
In fact for this condition,  the linear stroke scan (arc or radial) results in 
86 percent memory use effic iency with the TV-in-raster approach using 
84 percent; an insignificant difference. 

1 

1 

i 

TV RASTER FORMAT 

84% MEMORY EFFICIENCY 

LINEAR PPI FORMAT 

86% MEMORY EFFICIENCY 

Figur Comparison of memory ..•■;i i_ 
1-4 1, AA4«. ation for TY 

raster PPI and linear stroke PPI formats. 

The in-raster TV approach is preferred because of the simplicity in 
the display (low power) and the larger reliance on digital circuitry in the 
DSC and symbol generator. 

4.2.4   Modularity and Growth Features 

One of the basic advantages of the TV raster display format ia the 
standardization of the video signal for recording and playback and for use on 
standard television monitors.    The TV raster approach provides a single 
composite video line containing all the image video including the symbology. 
This enables interciiauging of display indicator modules and Interface control 
modules (DSC and symbol generator) with no possibility of requiring 
re-harmonization of the system.    The stroke and hybrid deflection approaches, 
with their requirement for X and Y deflection signals,  may require readjust- 
ment of sweep gain and centering when modules are changes.    The TV raster 
approach also enables the use of the interface control unit with existing tele- 
vision compatible display indicators either in the aircraft or on the ground. 
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ultra-high-speed processor accepts the rj6^ t0 digital «^i.   A« 
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ADDRESS 
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Figure 81.    Modified modular multi-sensor display system. 

T1l,e t
in?UMata rate varie8 considerably due to the different sensors 

accommodated.    With a particular sensor and a display format we can COm 
fnnutTK01 the reqU!I

red inpUt addre88 «aeration rLl    Consider a radaT" 
input to be presented in a PPI mode on a 1024 by 1024 display      The scan 
conversion required is given by the formulae: ai8P^y.    The scan 

=  n. sin 8 

y ■ 
Ny 

n. cos 6 

where 

6 is antenna azimuth angle 

x = 0, y  =   o is center of display 

nj   =  the range element count and varies from zero to 1024 

Ny  =   1024,  the number of display elements in the y direction. 

each radarTanal 1£Ü ele^ent8 wil1 be ***** from the radar video for 
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4-4   Memory Trade-Off Study 

^mJ^SSl^JJtt^^L^ST r OVera11 8Can ~ter 
memory type a^d stature      For th'     "Vf ^ definition of the optimum 
be modilarly expandable and ^M!St^JS^^0^  thi8 memory »-* 
multiple sensor loading format     Mo.!   provJdin8 a TV output format with a 
being loaded in ^Sri^^V^SsS^^ " mU8t be CaPable of 

provide the scan conversionTun^Ho   Zf??9 (and hne 8can EO formats) to 
frame (or field) freeL capa^tv     The fl    Tf-V'6 able t0 proWde * ™ 
functions dictates the use of a random L^^ reqUired to provide th*** 
It is likely that advanced serralacc..-8 mei"ory at the present time, 
will become compeüUve in prtL !n the Tr0'18!.(Charge Co^led Device») 
application.    Therefore! at ?he co„c u^o„ of^lf^ 'T^16 f0r U8e in thi8 

serial access charge *^V^l^£lZ*^  ^ applic8tion °{ 

4-4-1   Memory Type Selection 

Evaluation Criteria 

• y.lem.    Thi. module .hould VTJSSI the^luW'ne "««*• of th. memory 
ing nexibiUty comjiuWe wUh the det^»   , "'"^ ,0 pr0vid<! th' »"d/e... 
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fighter aircraft,  the temperature and vibration environ^ient must be 
considered.    It is desirable to minimize the unit size ai.d weight,   and there- 
fore the memory packaging density should be maximized. 

Alternative Techrologies 

Table 38 reflects the random access memory technologies which can 
reasonably be considered at this time (1974).    Parameters for evaluation 
include power,  volume,  weight,   speed,  price,  and component availability. 
Power estimates are based on continuous operation at (or near) maximum 
speed since the display must be continually refreshed.    Volume is based on 
extrapolations of available components (and systems).    By going to hybridi- 
zation even further reduction in volume and weight can be attained.    Speed is 
expressed in cycle time where the overall system data rate is equivalent to 
the reciprocal of the cycle time times the number of bits addressed in paral- 
lel.    A tvpical digital scan converter may require a read data rate of 30M 
bits/sec (500 y, 500 elements x 4 bits each x 30 Hz).     Since it is desirable to 
time share at least on a 50 percent basis with the writing of new data,   a 
60M bit/sec minimum data rate is required.    Therefore a cycle time of 1 (jisec 
would require addressing 60 bits in parallel.    The prices are based on esti- 
mates to provide production memory systems suitable for use in airborne 
military aircraft. 

Memory Selection 

The baseline selection for this application,   at this time,   is dynamic 
MOS RAM.    The actual selection of P or N channel should be made during the 
detail design to reflect the latest tradeoff factors.    Both provide relatively 
low power operation,  small size and a low price.    The cost of ownership is 
reduced over core and plated wire since they are easily repaired.    Core and 
plated wire failures are extremely difficult to repair. 

4.4.2   Memory Format 

The actual size and configuration of the recommended memory module 
was determined by alternately considering the input and output format 
requirements, module size and memory size requirements of the various 
applications.    The minimum memory size increment is 65,536 bits.    It repre- 
sents a display configuration of 128 x 512 elements (F-106) or 256 x 256 ele- 
ments with a one bit video level.    It is obtained with 16-4096 bit MOS RAM 
devices.    One bit level was selected to provide maximum flexibility since 
2 bit levels would force systems into an even number of quantization levels. 
For maximum flexibility the 4K x 16 memory arrangement must be single bit 
alterable that is,  one bit can be changed in one memory cycle without modify- 
ing the other 15 bits of the data word.    One bit addressing is required since 
the integrator is unloaded one element at a time and the PPI (and side looking 
modes) cannot be loaded with several elements in parallel at the same 
address.    This requirement is shown in Figure 83.      The multiple bit video 
and symbol generation requirement is obtained by building up the display 
using these memory modules as shown in Figure 84. 
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TABLE 41.    PRELIMINARY INSTRUCTION LIST 

Data Transfer 

Load Accumulator  - LA 

Load Register - LQ.  Li,  L2,   L3 

Load Extended - LAE,  LQE,  LIE,  L2E,  L3E 

Load Right Immediate - LARI,  L1RI,  L2RI,  L3RI 

Load Left Immediate  - LALI,  L1LI,  L2LI,  L3LI 

Load Extended Immediate - LAEI,  LQEI,  L1EI,  L2EI,  L3EI 

Load Double - LD 

Load Double Extended - LDE 

Load Multiple - LM,   LMI 

Load Multiple Extended - LME,  LMIE 

Load Selective - LSEL 

Store Accumulator - STA 

Store Register - STQ, STl, ST2, ST3 

Store Extended - STAE, STQE, STIE, ST2E, ST3E 

Store Double - STD 

Store Double Extended - STDE 

Store Multiple - STM, STMI 

Store Multiple Extended - STME, STMIE 

Store Selective - SSEL 

Exchange A and Q Registers - XAQ 

Assign - ASG 

Arithmetic Instructions 

Add - AA 

Add Extended - AAE 

Add Double - AD 

Add Double Extended - ADE 

Add Right Immediate - AARI,  AIRI,  A2RI. A3RI 

Add Extended Immediate - AAEI, A1EI, A2EI, A3EI 

Add Left Immediate - AALI 

Substract - SA 
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(Table 41,  ; ontinued) 

Subtract Extended - SAE 

Subtract Double - SD 

Subtract Double Extended - SDE 

Multiply - MA 

Multiply Extended - MAE 

Multiply Extended Immediate - MAEI 

Divide - DA 

Divide Extended - DAE 

Divide Extended Immediate  - DAEI 

Logical Instructions 

And - NA 

And Extended - NAE 

And Extended Immediate  - NAEI 

Or - OA 

Or Extended - OAE 

Or Extended Immediate - OAEI 

Compare - CA 

Compare Extended - CAE 

Compare Right Immediate  -   CARI 

Compare Left Immediate - CALI 

Compare Extended Immediate - CAEI 

Reset Bit - BIR 

Reset Bit Extended - BIRE 

Set Bit - BIS 

Set Bit Extended - BISE 

Test Bit - BIT 

Test Bit Extended - BITE 

One's Complement - OCA 

One's Complement Double - OCD 

Two's Complement - TCA 

Two-s Complement Double - TCD 
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(Table 4 1,   concluded) 

Absolute Value - ABSA 

Absolute Value Double - ABSD 

Shift Instructions 

Sh 

Sh 

Sh 

Sh 

Sh 

Sh 

Sh 

Sh 

Sh 

Sh 

ft Left Logical - SLLA 

ft Left Logical Double - SLLD 

ft Left Cyclic - SLCA 

ft Left Cyclic Double  - SLCD 

ft Rigth Logical - PRLA 

ft Right Logical Double - SRLD 

ft Right Arithmetic - SRAA 

ft Right Arithmetic Double  - SRAD 

ft Right Cyclic - SRCA 

ft Right Cyclic Double - SRDC 

Branch Instructions 

Branch Indirect - BI 

Branch Relative - BR 

Branch Extended - BE 

Branch and Link, Indirect - NALII,  BAL2I.  BAL3I 

Branch and Link Extended - BALIE,  BALZE,  BAL3E 

Branch Conditionally,  Relative - BEQR,  BNER,  BLTR,  BLER, 
BCTR,   BGET 

Branch Conditionally, Extended - BEQE, BNEE, BLTE,  BLEE, 

BOTE,  BGEE 

Branch on Count, Relative - BCT1R,  BCT2R, BCT3R 

Branch on Count, Extended - BCT1E,  BCT2E,  BCT3E 

4.6   Symbol Generator Design Study 

The purpose of this section is to identify and define alternative 
approaches to the design of the in-raster display generator and to select and 
describe the approach best capable of meeting the design requirements 
described in Section 2. 0.   Design considerations germane to the display 
generation requirements are reviewed in order to isolate critical performance 
parameters that will narrow the choice of candidate design approaches. 
Trade-off analysis of hardware and software approaches are made to arrive 
at the recommended symbol generator design. 
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The approacheB considered for in-raster symbol generation are 
restricted to all digital techniques.    The selected approach, a programmable 
non-real time generator,  requires a buffer memory and controller     The 
applicability of the controller described in Section 4.5 is discussed at the end 
of this tradeoff. 

4.6.1   Tradeoff Criteria 

A number of parameters and design features must be considered in 
order to compare and evaluate alternative symbol generating techniques. 
Included in these considerations are the following: 

Display data refresh 

Speed 

Display Capacity 

Display Data/Raster Synchronization 

Data Word Size 

Modularity 

Flexibility 

Reliability 

Size, weight, power consumption 

4.6.2   Symbol Generator Trade-Off Analysis 

To provide the MMSDS with the capability to display symbolic data 
in-raster entails the basic functions shown in the simplified block diagram 
Figure 90.    These functions include display data control of incomine data 
from various avionics subsystems, digital-to-video conversion of display 
defining parameters, and finally,  raster synchronized transfer of video 
unblanking signals to the TV raster display. 

DATA 
DISPLAY 

DATA 
CONTROLLER 

DEFINING 
PARAMETBS DIGITAL-TO- 

VIDEO 
CONVERSION 

VIDEO 
TVRAST« 

DISPLAY 

* 

? 
MOE»   ^ 

Figure 90.    In-raster symbol generator/display system. 
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The display data controller function includes data buffering and 
sampling of input data,  code conversion of input data words,  coordinate con- 
version and formatting of real world input data into display coordinate date 
storage of display field formats by display mode,  ordering and listing of dis- 
play defining data, and control of data transfers and processing of date. 

The digital-to-video (D-V) conversion function operates upon display 
defining data (e.g. ,   symbol type,  size,  position, intensity,  etc. ) and pro- 
duces TV video unblanking signals.    This D-V conversion process may be 
accomplished by digital hardware,  computer software, or a combination of 
both.    The D-V conversion process can be performed at real-time rates by 
generating unblanking video directly in synchronism with the TV raster.    As 
an alternative, a digital video bit memory of the whole display data field (a 
refresh memory) may be utilized to allow non-real time,  random sequence 
processing and loading of display date into video memory which is then read 
out at real-time raster rates.    The symbol generation alternatives that may 
be analyzed include variations and combinations of real time or non-real 
'ame symbol generation mechanized by hardware and/or softwar- techniques. 

Real time hardware symbol generation is a possible symbol ceneration 
approach.    However,  software generation of symbol date, at r«l time rates 
would require very high speed multiprocessors that may be marginaTunder8' 
from th/^H       rr40;10 COnditi0n8-     Thi8 W~«h has  been  excluded from the trade-off analysis.    The non-real time hardware technique which 
employs a field refresh memorv constitutes a very feasible approach to sym- 
bol generation for the MMSDS and is included in the trade analysis.    A non^ 
is tL t^r^0.8rammaKb e (firmware) aPP'°a<* u'ing a field refresh memory 
U*      «•        , 8y^bo1 8eneratlon approach that is included in the following 
trade off analysis.    Firmwar- implies programs stored in ROMS. ) 

Real Time Hardware Symbol Generation 

w^c™,A.re*1 time hardware «ymbol generator approach suitable for the 
MMSDS «hown in Figure  91.     The symbol generator consists of a number of 
dedicated hardware modules,  operating in parallel,  at real-time raster rates 
to provide synchronized unblanking video for the TV indicator.    In addition to 
the symbol generating modulei, the symbol generator includes a display data 
controller, an interface date buffer, an address decode function, timing and 
control, and mode control.    The display controller accepts serial date from 
the avionics interface, and performs data conversion and formatting opera- 
tions to provide display defining parameter date for the various symbol gener- 
ating modules.    Display date words are fed to the modules as required to 
initialize the digital logic circuits of the symbol generating modules.    Paral- 
lei word video data is mixed and serially shifted at TV line element rate to 
form bit video.    Mode control establishes the avionics date required for dis- 
play.   Also,  certain programmable functions such as presets, logic scaling 
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Figure 92.    Symbology for advanced 
system application. 

TABLE 42.    IC COUNT - REAL TIME HARDWARE SYMBOL GENERATOR 

Function 

I/O Controller 

Mode Control 

Timing and Control 

Video Mix 

Pitch Ladder Generator 

Moving Tape Generator 

Slewable H&V Line Generator 

Discrete Symbol Generator 

Diagonal Line Generator 

Vector Line Generator 

Total 

Number 
of IC's 

89 

8 

10 

9 

62 

200 (5 symbols) 

26 (2) 

32 (2) 

24 (2) 

44 

504 

I 
201 





™Äo^^^ o'the dedicated hardware 
cated «yrmbol data Beneratina ^oH i   8ene"tion and updating.    Only one dedi- 

di.play^ta.    Included arrtheoftcieu8JeqUired f0r each 8eneric ** * 
ator module    the dUcrete 8J^hol / v,      d!r «enerator module, the tape gener- 
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about a.Tlh
i
e

m"e.d".liä.0fre,I:rtr:rh?1H,ime ""T" ">mbo1 l«~»^" '• 
are poor ^co^^tllZ ^r^n^"^1 ««»"»'O'-    The Unutations 
reoro^i-am Rnu    , " fa'ter »tandard change«, the need to chanee or 

within the limits Df HliUbi. fLu 11! '"     '' den'itv ""^ be «"mmodaled 

U generaiiy a. Umited'u^^l ^"ayrdr;eeinpp;oa^rgramm'bili^ 

The mechanization comolexitv in ^~r^r**,    t        10* 
shown in Table 43.    The ■•mTdlüuI S        T   u    *" IC COUnt is climated as 
The number of ICs required Tor Ä f . "^ 8.hOWn in FigUre ^ '* assumed, 
than I. the case for Si rilS-Sj^^ generation modules is much lower 
of four modules are ^^^^^AST^^^ becaU8e only a total " 
to overall symbol data Keneration r "",   data «ene

u
ratlon requirement is added 

data generation modufe wo^d bTrea^rld^O f'    ^en 5 additional conic display 
hardware modules is ^ ^.tontU?aJAtr^S^ thiS r.edUCtion in dedicated 

field refresh memory.    Overall the IcTn.,^ squired to mechanize the 
hardware approach th'an S^ÄISiT^J^' ^ "^'^^ ^ 

Programmable Symbol Generator 

y .ize, ana mainUm a dot/hne segment transfer rate of 1. 5 MHz. 
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Due to the inherent flexibility of firmware,  changes in symbol data and 
raster standards are easily accommodated.    Changes in symbol library, 
symbol font detail,  or symbol size require only changes in micro programs. 
A change in raster standard,  from 87S lines to 525 lines,  can be easily 
accommodated by rescaling the length of the line segments used to develop 
symbols.    It is evident,  then,  that firmward flexibility also provides excel- 
lent growth capability of the symbol generator.    Within the constraints of 
display list memory capabity and available refresn memory write time,  the 
symbol generator can accommodate symbol library additions,  alternate 
display field formats,  and new generic classes of display data such as conies. 

The mechanization complexity of the programmable symbol generator 
in terms of an IC count is estimated as shown in Table 44.    It is seen that 
this IC count is lower than either hardware approach to symbol generation 
while offering the inherent advantages of superior flexibility.    It should be 
noted that the IC count for this approach is not affected by the    uantity of 
symbology.    The complexity of the other two approahces varies with the 
number and type of symbology.    Therefore as the number of symbol» ulti- 
mately employed increases the programmable symbol generator becomes 
even more attractive. 

TABLE 44. IC COUNT - PROGRAMMABLE SYMBOL GENERATOR 

Function Number of IC's 

Programmable Controller 

Symbol List Decoder 

Symbol Chain Generator 

Input Format Logic 

Refresh Memory 

Output Format Logic 

Total 

Trade Off Summary 

89 

75 

62 

40 

48 

18 

332 

A summary of the symbol generator trade off analysis is presented 
in Table 45.    As is evident from the table,  the software programmable 
approach has distinct advantage over the alternate hardware approaches. 
Its main advantage is its programmability, flexibility, and accommodation 
to growth,  change,  and increased capabilities. 

As a result of the trade off analysis of in-raster symbol generator 
techniques, the programmable symbol generator is recommended for fulfill- 
ing symbol generator requirements of the MMSDS.    The programmable 
symbol generator mechanization is described in more detail in Volume II. 
Section 2. 
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4. 6. 3   Symbol Generator Controller 

The controller described in Section 4. 5 can also be used to provide 
the symbol generator control function.    However,  the symbol generator con- 
troller requires more memory than the DSC controller.    Storage is required 
for an executive program,  a display generating program,  two temporary 
storage display lists,  and a set of utility routines.    The total storage required 
is about 8K by  16 bits.    Of this,  4K by 16 must be RAM and the other 4K would 
be ROM.    Two thousand words of the RAM are needed to store the new display 
list as it is being built up by the display generating program.    The other 2K 
by 16 contains the previous frame display list and is read out to the symbol 
chain generator while the new display list is being generated.    Readout 
alternates at about a 20 Hz rate between the two 2K by  16 RAMS.    Figure 95 
illustrates the  memory required. 

EXECUTIVE 
PROGRAM 
IK i 16 DISPLAY 

GENERATING 
PROGRAM 

2K« 16 

DISPLAY 
LIST 

1 

2Kx16 

DISPLAY 
LIST 

2 

2K x 16 UTILITY 
ROUTINES 

IK x 16 

i. 

ROM RAM 

Figure 95.    Symbol generator controller 
memory requirements. 

The program generates an entirely new display at about a 20 Hertz 
rate.    Thus for a display frame rate of 60 Hz,  the readout display list would 
be successively read three times while a new symbol list is being generated 
and stored.    That is,  the actual update time for a symbol on the display is 
50 ms. 

Figure 96 lists the utility routines which are called by the display 
generating program to build a display list. These routines requirt IK by 
16 bits of ROM. 

Studies and laboratory evaluations have indicated that in ratter symbol 
quality is significantly improved with multiple gray shade encoding.    The brute 
force technique for providing this capability, would substantially increase the 
symbol refresh memory in Figure 94.    Special coding techniques may provide 
the desired improvement without resorting to excessive memory size increases. 
It is, however, beyond the scope of this study to pursue the design of such 
techniques. 
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Figure 96.    Utility routines 
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